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ABSTRACT. ' , ^ ' V\ 

vJhis -manual was developed to provide assistance to 
public of ficials 'first ^considering ener'^gy conservation ' in existp.ng . 
public buildings. The manual focuses' on management -decisions which 
must be made in implementing eneirgy conservation programs for 
existing buildings. It provides assistance in developing a plan of 
attack, establishi'-ng schedules, selecting buildings, creating ^ 
preliminary epergy. savings estimates^ developing engineering yovk 
.statements, '4v§Lluatingo consultants, ^stimatiiig fees, and rwrgti 
estimating- of construction C9st§. in initial assumption is made that 
many juin^dictions already have begiin low-^cost conservation measures 
such as/lowering thermostat settings, nigbt temperature set backs, » 
dej-lam^ihg and closing off unused spaces. Attention, therefore, is 
directed toward additional steps often requiring some capital 
exp^diture' that can be t^ken to gain further substantial ener'^y 
sayings.; Retrofit for energy conservation in existihg btidldings, as 
atadressed in this manual, should be applicable *0 many state, county'', 
and local governments and specigil purpose districts/ Experience haS 
proven, thajb energy can be , saved and energy costs n reduced y 
significantly by concentrating on modifications to buildiyfJ^ use 
patterns, operating procedures ajid design aspects. Th'e^^savings can 
occur without sacrificing occupant comfort ojc: important functions to 
be performed within the facility. (Author/BB) . • 
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Public Tfechnology, Inc. js. a^non-profit, tax-exempt, public 
Interest organization established in December 1971 as ari 

■ institutional mechanism for applyjng available technologies # 
to the. problems'of state and Jjpcal governments. Sources of 
such technologies, include federal agencies, private ^.^ 

^ industries- universMies*,>^nd"^tate and local jurisdictions ' 
themselves. PTI works in both the hardware acid software' ' 
fields, ^ ,' . • \ . 

PTI wo,rks"on specific problems that have been defined and. 
givefi a hi,^. priority by state and^ local gavernm'ent oLficiais.'. 
A problem also must be common to Yrtany units of govern-; 
.ment throughout the nation; and one that is susceptible-to ;■ 
• technological solution. In this wa/y two major organizatfonal.^' 
goals are realized: (1 ) costs anm benefits of large-scale '■. 
undertakings are shared; and private sector, Federal 
agency and foundation . invest/ient in the. solution of'public 
sector problemsiis encouraged by the aggregation of 
specific markets at the state and local levels of governrti.ent. 
The tenhnology.application process.consists of these steps'- 
problem defjijiition; location 'qf applicable technblogy; 
d,^jA|c5pment of'new or improved products or systems; « , 
^.appropriate jJackaging of the technology for state ancj local 
governments; and help in adapting 3nd implementing the 
technology at,the operating level'. Emphasis is placed on 
transfer and subsequent utilization ^f the technology by the 
largest possible number 6f juri^ictions,0n-sit'e assistance,, 
is prpvlded. 'upqnfeqiftst, to make certain that state and . 
local jurisdictions fully utilize' ffie technology. - 
PTI was originally organized/ by\he^fficefs of the Council 
oi Stgte Governme.nts, InternatioimCity Management 
Association. National Assc^iation of Counties, National * 
■Goverri'(^\AssociaVion. Natibnal League of Qities. and^ ' . 
U.S. Conference af Mayors. ' 
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INTRODUCTION 



I An Energy Conservation Retrofit Process for Publ[c and Institutlohal 

Facilities was (Jeveloped by Public Technology, Inc. to provide assistance ' 
to public officials first considering energy conservation in existing public 
buildings. Thie manual focuses on management.decisions which must be 
'made in implementing energy con3ervation programs for, existing buildings. 
It provides assistance in developing a plan of attack, establishing sch^ules, : 
selecting buildings, creating preliminary energy savings estimates, developing 
engineering work statements, ievaluating consultants, estimating fees, and 
rou^h estimating of construction costs. Details for co;iducting necessary 
engineering analysis are not covered in this manual, this being a subjecjt unto 
itself treated within a large body of existing literature' and practice. In shortj 
this is a manageV^s manual fot retrofit start-up. ^ ' 

An initial assumptiDn is Made that many jurisdictions, already have begun 
low-cost conservation measures such as lowering thermostat settings, night 
temperature setbacks, de-lamping a©d closing off unused spaces. Attention, 
therefore, is directed toward additional steps (i.e., retrofit) often requiring 
some capital expenditure that can be taken to gain further substantial energy . 
savings. < y 

"^The manual^s basic goal is to aid in planning and administering an energy 
conservation program with emphasis on fastrpayback conservation options. 
This document stems from experience gained by PTI in assisting jurisdictions 
with energy conservation programs; and the experience of others In state and 
local' governments, private Induistry and the federal government In pursuing 
' savings through retrofit. ^ \ 

Retrofit for energy conservation In existing buildings, as addressed in 
this manuaL should be applicable to mkny state, county'and local governments 
and'speclal ^p^urpose districts. Experience has proven that energy can be saved 
\ y^and energy costs reduced significantly by concentrating ^n modifications to 
*\ building use patterns, operating procedures ancl design aspects. These savings 
can occur without sacrifi<rlng occupant comfort o^^it&poft&^t functions to be 
performed within the facilltjr. 





Geniprally speaking, greater expenditures fbi; energy conservatioti \yill 
yield greater energy sayings. Much vstri&tion, however,- exists among even 
similar facilities because of . climatd, (Resign,, siting, buildijife usage, and » _ 
conservation nieastlres alrea^ initlate(J. The key for each jurisdictioQV 
conserving energy is to select facilities, whe^^e the gl'eatest savings can be 
achieved, and**to gain the most long term gpotj .ffom retrofit funds which are 
available. ~ 



As ^n overall estin^ate the Federal Energy Administration notes that 
a building owner may e?q)ect to save 10%-20% in energy use without any ' 
initial cost, another 10% with minimal firsjt costs, and 10%-20% more with 
an investment which can be paid back by. savings in three to ten years. Case 
'studies'identified by PTI tend to agree with these estimates* 



Figure 1 i^.a concise Representation of FTPa case study results 
. described later.in (letail. It shows that^gardless of^the funds available . 
for retrofit, viable options io^i^energy conservation ipetrofit are likely to 
exist. This holds equally welTfbr jurisdictioi^s w^iich can- only spend $. 10 
• per square foot and ^th^rs which can spend perhaps. $. 80 per square foot ^ 
of building space. * • v* ' ^ ~' \ 
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Figure 1 

''Savings'Versus RetrofllQosts For Recent 
Projects ' , ' 

(See Figures 15 ind 16 beginning on pageOO for 
.greater detail) , 
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Aa enei'gy conseivation retipfit process for public and institutioflaUacilities 
stresses three areas: 



Planning a phaseAprogram for achieving retrofi-t. •• ' • - %J 

.. '■' •■■ ' : ■ .\ ' ■ ■■ " ■ ■. ■ - ■ ■ ■ ".-Sf 

Conducting enef-gy consumption studies to select the . , . ?;;|tjC; 



most promising facilities for achieving- energy savings 
through retrofit modification.' . ' 

.\..* - ■ ■ . ■ ■ ■ ■ ■ 

. ■" . ■* ; , / ■ J ,■ ■ ■■ 

- , Initiating' Mid managing a detailed engineering and ^ ,! 

architectural study of potential conservation measures. , 

■ An Ene^rgy Conservation Retrofit Process for Existing Public and . 
Institutional Facilities has resulted from initiatives of Public Technology, Inc;., 
beginning- in 1973. At that time PTI developed several conclusions about the . 
future of the energy problem relating to biiildings which still appear to be valij. 

Energy price increases, fuel shortages, and fluctuations "s; / 

in relative costs for alternative fuels will continue to 
exist in the foreseeable future. 

• ithe real conservation problem will center on existing, 
rather than.,on new buildings. Most buildings that will 
be standing in the year 2000 have already been built. 

• ."Quick-fixes" .and public- awareness can help advance 
energy conservation, but in the long-run, redesign and 
modification of building energy systems will be a real 

. necessity.' , , 

. "New, energy sources—solar, geothermal, advanced 
nuclear, coal gasification, coa,Uiquefption, and 
other technologies—will not be in widespread use 
. soon in public buildings. Some may prove useful in 

only limited sections of the country. ' ^ 

■ ■ . . ■ • - .' ' . ■ . 

These conc^Tttskins led to a decision on the part of PTI to develop methods 
for assisting State and local governments in achieving significant energy con- 
servation in existing public buildin<^s,?speciaUy through mechanical and 




^systems modification, revised building operating pTOced^^ 
t of function? and use patterns of building occupants. • 

decision, two efforts, were begun simultaneously. ■ 
1 first focu^ on developing a ?trat|gy to assist jurisdictions in achievlng ' 
^^Pid ^hort-term reductions in fuel e'^^^^^ 

of their operating procedures and building use patterns.^ Tire second strategy 
^i^frP^rf' "^Tr^'''^^ the information needed to make rational decisTons ' 
with regard to capital expenditures to modify the design and operation of " - ' 

buildings for long-term energy conservation without seTious reductions in ^' ■ 

occupant or employee functions. The latter strategy is represented by this ' ' ' 
manual. - ' . ^ 

The first conservation strategy was aimed at providing "quick-fix" t'.'^f^' 
energy conservation measures. It derived from a PTI program already under- 
; way to assemble information on innovative" responses to the energy problem 
In conjunction with the International City Management Association, PTr ' 
published Local Government Approaches to E nergy Conserv^ tinn ..„f.f..„H„^ ' * 
^a number of areas in which local governments can save en^^y; 
■ ■ ■ " - ' ■ . * 

• r, -ri published ^ handbook. Energy Gonservation:' A Technic.] • 

Guide for State and Local Gov^rnmenf... consisting of fundamentals for 

or^mzing and implementing an overall energy conservation prcgram at the ^ ' ' 

state and local levels of government with emphasis on ''quick-fi^^ 

PTI also conducted energy conservation workshops around the country for 
state and local government officials. Severgtl other documents suggesting 
• J'^'^^-f^'^ ^"«^gy conservation measures are now available. Appendix 1 
. ot this document summarizes some of the majo^r elements of a "quick-fix" 
. program. . — . h""-!^ 

'■ ' - . , ' . ' ' 

The second strategy-energy retrofit-was seen as a long-term bitt * 
potentially more important energy conservation activity than immediate 
.. savings gained through "quick Once a phased professional approach 

ty^ "'^:^"''""'' the n^t step was to find an innovative organfz'ation^ - 
whicTvshared this view and bne whose^applications of technology mMe it 
possible to achieve the goal of long-term" energy conservation that woufd 
result in permanent long-term cost sa;^ngs. In 1973, before many design 

• firms entered the retrofit market, a national search was conducted with the 
final conclusion that the Energy Systems Division of the Grumman Corporation 
utilized a phased methodology that, when applied, would result in signTficant - 
•eners. savings in public buildings, with payback options identified. Working " 

■ W^r^'ir^ "f J ''^^ '° ^^^^ ''''' ^^^^ experience on several retrofit 
projects for public buildings. . • 
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^JPie building ene'rgy retrofit process deseribed here is divided into fo.ur^ ; 
distinct work phases and has been employed in the same basic form on numer- 
ous retrofit projects: ! 
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Phase I: Review of current energy consumption and 

selection of the most promising facilities : . ' 

■ • ♦ ' ■ . . . . , . ■ » 

for retrofit. • 

Phase II: Detailed .engineering and architectural study 
of potential energy conservation modifications 
. for selected facilities'. Prioritization of 
options in terms of energy sayings an^ payback. 

' Phase in: Implementation of desirable retrofit changes. 

Phase IV: Monitoring of energy savings achieved^ aiid \ , 

aggressive foUpw-up maintenance programs. 

Certain owners making, alterations for energy conservation have combined 
two .Or more of these steps into a single work phase in their^retrofit programs; 
PTI, howevep, suggests keeping the four phases distinct. *The main reason is 
to provide a mechanism for management control of the effort, especially to 
assure that costs for retrofit work. stay in line with energy savings bepefits. 

■ ' ' ' ■ ' ♦ ■ ■ . • ' . . . 

Special emphasis in the retrofit process is directed toward a detailed ^ 
engineering and architectural analysis of a wide range of available ^&nergy 
conservation options for each facility. Beckuse energy usage 'for equipment 
within buildings is highly interrelated, changes in any major component within 
the facility can affect the operation of all other *coniponents. The energy -use " 
of 'the facility as a whole can only be iinderstood accurately after a thorou^ 
analysis ts conducted. 

This is an important fact for the administration. Only after a thorough 
analytical study of the entire facility and its operation as an. energy consuming 
system will the adfftiinistrator have the assurance , that the best set of retrofit 
-modifications with the highest payback has been selected. Installation of. 
double glazing is a good example. While it is intuitivel}^; obvious that double 
glazing can cut energy losses, it may not be as obvious that in some cases 
the payback period may be. well over ten years. /Less obvious conservation 
mea'sures may provide a much better, return. Automatic shutoff devices 
for lighting systems, as an example, may appear al first glance to be an , 
expensive way to perform a very simple task. Surprisingly, in several 
instances these control devices have paid for themselves in less than a year. 



An'energy retrofit effort may be co*nducted independently, or better 
*stlll, in conibination with other repair and ^^a^^^ efforts, • It i 9 safe to 

assume that energy conseivation mjfiasurea.^hQW^^ considered andMncIuded^ 
whenever a building is remodeled or expaiilg^r- * ' 



To accommodate required functionallusiB. changes 

To replace inoperative or obsolete equipment 

. To serve a completely liew fimction 

• When deteriorated Biiiiding components; reqiiire 
replacement for safety ^ ^lode compliance. 



r 



. State and local /governments or other public institTjtS^ns making major 
alterations to falcilities normally must "follow building code requirements for 
safety and health. It i^ worth noting that recently developBd model building 
code requirements for energy conservation applying to new buildings are 
likiely to be adopted/in rhaiiy states. and localities. These codes may be 
imposed on existing buildings where such a code is in effect ^ind if the. intended 
'facility jnoldificatiofns involve major space additions or changes /in CKJCupancy 
type. Most new codes and, standards for energy Conservation in buildings are 
intended as miniimm requirements, and are not based on the specific economics 
of optimal energy /saving in individual buildings, ! 

Many somewhat interrelated approaches can be -pursued to deal with 
energy problems lin existing buildings. Several appear below: 



Life Cycl^ 



of all cost9 
initial 



costs and energy costs, over its remaining lifetime. 



Peak Load 



Costing - An analytic technique involving study 
' of owning and operating a facility including 



Reduction - Concentrates oh re 




energy use 
Peak load 



from publib utllitieis .during peak demand period 
reduction does not necessarily reduce jtotal energj/^sage 
Usag^ may onl5U^e shifted in the time when it occurs. By 
•reducing p 3ak load, however, it may be possible to qualify 
for more desirable, utility rates. Peak load reduction 
progrjaitts in the long .run may save utilities the need to 
maintain huge reserve capaciti^es for power supply. 



Use of Alternative Fuels - Because of t^ossible ^fae^^ 
' irients^ or because of fluctuating, fuel rates, niaDiy buiW^^^^ ^ ' / ^ 
. owners, have developed a capability to shift &,S;pe6 
. from one fuel to another. While not necessarily saV^ing' ■ 
energy. J this capacity may help to . save pn^eiiergy bills a^ 
* can be extremely imp6rtant during fuekgh^ 

Sblar Heating and Cooling - Existing fapll^^^^^ may be , , . 

\retrofitted with solar systems to cut use. of non- renewable . • ' 

fossil fuels. Often solar retrofit will be initiated in cpn-. 
' junction with other energy conservation measures aimed f 
. primarily at total energy use reduction such as. suggested 

in this manual, > ' . / . ' ■ ■ - / 

This manual on retrofit is interrelated with several of the concepts abov< 
By emphasizing short-term payback it is a limited application of Life Cycle /. 
Costing, The aTchitectural. and engineering analysis .suggested in this docu- ^ 
ment includes consideration of peak load reduction and use of alternative fuels 
amopg other retrofit modification possibilities.^ Solar ;he'ating and cooling, 
however,, is not addressed specifically in':this manual, .Owners interested in 
solar applications will find a significant body otteformatibn developing on 
this topic. . / V 

..^ The decision to concentrate on fast payback retrofit programs fapprox- 
^imately one to seven years) reflects the belief of Public Technology, Inc. that 
the mdjority of state and local government building owners will find this to, be 
the most practical energy' conservation approach at this time. Following 
suc cess with nea r-terni payback effor ts, jurisdictions are likely to re6valuate 
their buildings as energy situations change, and also may gain the confidence 
necessary to pursue options with relatively long-term paybacks.. 

Energy conservation in existing public facilities is of paramaunt national 
importance: to sayje energy; to re<^Vce the strain of energy consumption costs 
on state and local government budgets; and to stimulate energy conservation 
in residential and private sector facilities. Preliminary estimates by Public 
Technology, , indicate that several billion^ square feet of facility space - 
is 'Occupied b^ state and local, governments resulting in billions of dollars 
each year in energy. costs. Since all indications point to continuing escalation 
of .energy costs for the foreseeable future. Public Technology, Inc, hopes 
"^that An Energy Cogservatidn Retro'^fit Process for Existing Public and 
Institutional Facilities can assist jurisdictipns in this important area. 



A PHASED MANAGEMENT XpPROAGH TO ENERGY CONSERVATION 
^ IN EXISTING BUILDINGS : 



Most existing buildings of states, cotinties, local governments and 
special purpdse districJts were designed and^ijonstructed during an era of ' 
abundant a|nd inecxpensir^ Initial dgsts for buildings and their 

conrponent systems loomed higher in decision making than did the costs of . 
energy or concern over limited fuel . supplies . As a result, ^nergy conserva- 
tion generally was not an important feature of their design, / 

■, ■ '' ■ ' . ■ ■ ' ■ ' . - , ' ^ 

Huge escalation^ in energy prices and^the reality of fuel shc5rtages*.now 
make it economically desirable to redesign, modify( and, in-general, to retrofit 
buildings, theil* operationis and their usdge to save as much energy as is 
practical. Practical savings, not piaximAm' savings is the key concept which 
applies in a voluntary energy conservation program. 

Many ^vailable'technical and non-technical options with vai^ying degrees V 
,.of effectiveness can save energy in buildings. Some modifications can be 
achieved with little o^. no cost. Other conservation optionsican be expensive. 
Still gthers may un^vorably sacrifice occupant comfort or functional use of 
the building, ' ; - 

Faced with this* wide range of possibilities — ^and also confronted with 
limited financial resources—a government administrator is well advised to; 
first call for a detailed study of many alternatives and then to implement the 
options which will save the most energy in the shortest time within existing 
financial constraints, FrequAtly, only options with the shortest payback 
period can be afforded in the near future. ' 

A distinction can be made betfween achieving energy conser^^ation in new 
buildings and retrofit of existing buildings. With new buildings it may be 
desirable to make energy related design decisions on the basis of long-term 
payback identified by Life Cycle Costing techniques— -an analytic method 
; involving consideration of not just initial costs, but all costs, including energy, 
of owning and operating a building over its expected lifetime; Life Cycle Cost 
analysis often will demonstrate that building systems with incrementally higher 
initiial costs will pay for themselves over the life of a building through Better 
performance and less required maintenance. 



As a practfcal matter, several state^and local gqyemment jurisdictions 
successfully employ life cyclfe payback in consideriAg new building design,' 
Of the retrofit case studi.es identified by PTI, liowever, few jurisdictions- . 
chose to conduct retrofit progr^iris on the'basis of 4ife»cycle payback, Most ' 
selected a shbrtej payback period than^the remaining life of a buirding—often 
betwjsen one and seven years. The exceptions to this involved- buildings with 
short remaining lifetimes, and buildings iq; which major systems were due 
;.for .replacement anyway,. 



Basic Approach / 

In seeking to maximize the impact of a limited financial cojhmitment 
toward energy conservation in existing buildings, a basic plan of attack v 
similar to that which follows can be set: . 



The energy usage of all buildings. is monitored periodically 
. (e. g. , monthly). A study, of. energy use is conducted'for 
each building. 

Energy conservation options with little or no initial cost, 
such as suggested* in Appendix 1, are implemented in all 
.buildings. These low cost options'^often will be^identified 
as part of the initial energy use study. 

The most inefficient energy consuming buildings receive 
a thorough architectural and engineering study to, analyze / 
conservation alternatives. 

The jurisdiction establishes a reasonable payback period ' 
. goal for retrofit modifications. Retro fit ^jtions which / 
meet the payback criteria are. prioritized ^lid implemented 
in the buil(3ings that are least efficient in energy consump- 
; • tion, Implementaltion decisions finally must be based on 
. ' . the amount of money available, . 

' . In succeeding years as funds become available the 

jurisdiction moves on to other wasteful facilities. . Over, 
^ perhaps, a three to five year period all wasteful facilities 
can be retrofitted. Buildings are reevaluated as energy 
cost and supply conditions change. 





iSlli-lilBiilifeil^^ 


. , ^ 
^:---stucijr-^;-\\;-;:-;:i-^ 


Identify and quantify the probiem of energy inefficiency 
Gain support of iocai officjais and citizens - 
Establish accouotabiiityforenergy use 
Select buildings to be retrofitted > 
Establish pay t;^ack goal 




. '^halyslfiif ' _ ^. .... ^.^ . ^ 

'V ■ . ; . ^ . .ji ^ . ■'-.,■> ■'.■L:'M • V ■ ■ ■ 
• \l V '. -:" '-^ , ■ '^i !i 5 ;t' 4'. • ■ . 


• Assign in-house staff or selected consultant under ' - 

contract ♦ 
Site-survey and review of plans 
Detailed andlysisof a wide Irdnge of possible 

modifications ~ ^ 
Prioritize options 

Develop ifnplementation cost anc! savings projections 
Present recommendations and gain management approval . 




"-Prepfire accessary plans and specif ications 
Let corfstruction contracts 
Modify dp^i'atinig procedures 






Establish monitoring procedures ^ 
Review mbdif led bulld)Wg systerns ^ 
Assure that buildings^re performing up to expectaj[iohs 
, Provide continued attention on maintaining energy ^ 
savings., - 



Flgure2 

A Four Phase Approach for Energy Retrofit of 
Existing Bulldino« 



Here. the overridipg strategy i&isrmples — Save-a^r^Aich energy as possible 
H with the least capitdl^ontlay. — DemGnstrate-^^^ energy conse'rvation makes. ^ 

good economic :sense. ^JThen, build a case showing that energy-conservation V 
•,-is worth ptirsuing further, gaining support from the community and, ele^cted^ * / 
offrcials. Push retrpfit forward until a point of diminishing returns,is ■ 
encountered. Resplond to changing ener^ conditiona and facility needs. 

Phased Management Process . . • . ' . 



With this basic strategy established, the next problem to .be addressed 
-Lfe the actual management and. operation of the retrofit program in a logical 

yiashion. The rnanagement process recommended below is divided into four 
w6rk pihases. The separation is for a simple reason: it allows the public 
sector building owner , to control the retrofit process, and to keep the ttme and 
capital spent for achieving energy savings in line with the scale and certainty 
of the expected savings. One important aspect of the process i/3 to . assure 
that costly building modifications will not be made until management is 
convinced that the "most productive set of building and operation modifications 
have been selecte^ Another is to. assure that thertlme period during which 

^^'energy savings pay baclc retrofit costs will be satisfe^ 

' The four phases of the retrofit process ap discussed below are shown 
diagramatically in Figure 2. When first ..considering '/the potential for'^energy 
conservation in existing buildings, most state and lo<^l governnients and 
special district agencies will support energy conservation in principle. But 
, it is much to o early to make l arge scale^inancial commitments because costs 
- and benefits have not yet been clearly defined. ^' ^ 



The Phase I - Energy Consumption Study is an inexpensive and fairly , 
rapid procedui*e to develop priorities for action and rough estinlates of poten- 
tial results. At the end of Phase I, without having spent much money> 'a 
jurisdiction can determine whether energy- conservation in specific ejdsting. 
buildings should be pressed further. 

V ■ ■ • . . ■ ■ ■ ■ ■ ■■ ' . 

t . • ■ ■ ■ ' ■ ■ t ** 

Phase I may identify a number of low cost energy saving approaches 

which can be implemented and begin to pay for the costs of other retrofit 

work,, especially if savings can'1)e dlrectedio a retrofit budget account. In 

the Engineering Analysis of Phase II, the jurisdiction, with in-house engineering 

and architectural staff or a competent consultant, ventures a relatively small - 

outlay of time and funds to determine the basic modifications that should be 

made, estimated energy savings, and estimated retrofit costs for buildings 

that have been selected. ' . 

■ . :. • • 0 . 
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At the end of Phase it, if coRStrliGtion monies are. not available or If 
payback perio^ds will not be acceptable, the jurisdiction can st»p work until^ 
condiMans change. .Note the Idv^ cost optiops identified in Phase II may Be 
implemented even if GQnsCraction fuuds ai'e tight.' 

When the jurisdiction continues on with Phiase III, Implementation, it 
is assured within th^ limits of reliable and conservative engineering.pstimates 
that energy savings will result,, and knows in advance approximately what the 
savings will cost to achieve. The monitoring activities of Phase IV are an 
inexpensive means to document program results and assure that the expected 
savings are being realized. 'Monitoring also provides accoxmtability for energy 
use and keeps a spotlight centered on the continuing effectiveness of conser- 
vation efforts. This is shown in Figure 3. 









^Stogy of Current 
Energy Gonsumptlpn 


Ro.ugh 


Very Low 


Engineering . 
Analysis; 


Reliable 
Conservative 
Estimates 


Moderate 


III 

Mmplementatloh 


Precise 
Calculations 


Significant 


: IV. .". '■ : ' - 

Monitoring . 


Actual 
Results 


Minimal 



Figured 

Accuracy ln>Estimatlng Procedures 
Compared to Commitment of Resources 
Through the Retrofit Process 



PHASE I . 

Energy • 
Use 

Analysis, y. 



PHASE II 

. Engineering 
Analysis 



PHASE III. \^ 
Impienrientation 



PHASE IV 

Perf orrnance 
;W6nitQHng 



Energy use study oif town and school bulldlrt^ v 
Preservtatlan of consumption results4o:elected officials, Citizens 
Energy Committee and admlnistratWe personnel 
, Citizens Energy Committee evaluates feasibility of conservation 
program and,Jf p0sltlv€|, drafts resolution to the Town Council 
requesting the administration to proceed In preparing a^program 
definition - 

Tpwn Council adopts resoiuflbn 

Administration prepares program deflhlflon to Citizens, Energy 
Commute^ for review and recommendations 



Adrnlnlstratlon reviews proposals, hosts Interviews and 
recommends consultant to Citizens Energy Committee ' 
Citizens Energy Committee reviews consultant selection, and If 
positive, drafts resolution to the Town Council requesting funds 
for the consultant survey phase of the project 
To^wn Council adopts resolution and appropriates funds 
Administration signs contract for sgrvey and engineering analysis 
phase of the project 



Consultant ponducts energy conservation survey and engineering 
analysis, then presents conclusions and recommendations to 
Citizens Energy Committee and the^admlnlstratlon 



Administration, In conjunction with the Citizens Energy Com- 
mittee, prepares ai definitive plan for'(fnplementatlon 

Citizens Energy Committee draf^^ resolution to the Town Council 
requesting funds for consultant! Implementation services 
TownQduncll adopts resolution , 



Administration sign? contract^for consultant Irnplementatlon 
^services ' 

Consultant prepares project plans, specif Icatlons and estimates 



Administration accepts bids and selects contractor to perform 
necessary modlflcatlpns 

Administration drafts resolution .to T.^wn Council requesting 
funds to Implement oonsultiant recommendations 



Town Council adopts resolution 

Contractor, with consultant overview^ completes modifications 



' Administration ahd Consultant monitor energy usage to verify 
energy conservation, maintain program awaropess, afid Identify 
new objectives and opportunities/ 



Figure 4 

Energy Retrofit Program Flow of Activities 
West Hartford, Connecticut 



^ kJ 



Figure 4 iilustraties one retrofit process a'sitjwas successfully Applied 
in West Hartford, Cojinecticut, 'Ad a New England town with a high dfegree of 
cittaen participation, West Hartford chose to utilize 'extensive citizehVnvolve-. 
ment.in retrofit decisions. Other jurisdictions will need to modify detail s 
of thief proceiss-'^espec^lly time estimates required ^or each phase and precise 
decision inaking patterns — but the West Hartfprd process can be used as a 
point of departure and is a representative of public sector building retrofit 
efforts. It should be noted that after West Hartford completed r^etrofit on its 
first group of buildings, it JjDegaia a foUow^on program for remaining buildings.. 

Each jurisdiction establishing a retrofit project must consider questions 
regarding delegation of tasks to either in-house staff or outside coiisultants 
and possU^Te combination of work phases. Phage I may be performed either 
by in^hopse staff or an outside professional. If funds are ti^ht, then the initial 
energy consumption review is prob^ably best performed in-house. If great 
detail or extensive technical judgenient is desired in Phase I, or if staff time 
is difficult to make available, perhftpS an experienced outside consultant 
should be commissioned, ■ 

. . . -I • • • 

Phase n engineering analysis probably will be pejtforined by an experi- 
enced outside architectural and engineering group unless a strong in-house 
engineering staff is available. If an outside group is utilized, then it may or . 
may not be the same firm which conducted Phase I consumption studies. 
The Phase. I firm already will have developed a-^vorking knowledge of the 
jurisdiction's facilities, but the jurisdiction Still must determine if that firm 
18 the best one' available for the detailed studies of Phase II, 

Similarly, an argument can be made that thiS engineering gjpoup conducting 
Phase II studies should perform fixial design development during Phase III, 
This may be advantageous since the firm already would.be familiar with the ' 
deisign alid operation of the jurisdiction's buildings. One situation where a 
jurisdidtion may select a different firm would occur if the jurisdiction selected 
a firm for Phase 11 engineering from outside its boundaries. In this case 
the jurisdiction may find that a local design firm might be selected for Phase 
III detailed drawings and specifications because of its more intimate knowledge 
of local Codes, material rates, labor conditions, and other factors, . ^ 

If an outside consultant is enlisted for morWhan one phase of the retrofit 

■ . .• . ^ — , . ■ - . * ■ 

process It may bfe desirable to commission the work in stages. This in no way 
prevents a single finri from providing continuing igervices through the retrofit 
process. It will make it easier, though, to terminate services if work is less 
than satiafactory and makes it easier to deal with delays in project funding. 



At. least on6 jurisdiction believes that a staged program for commii^sionibg 
consultants leads to, highly objective work by consultants and best results for 
thecity, ,.. . • 

Two variations in use of outside consultants deserve mention at thii 
point. The first involves services donated by local design professionals or 

; public spirited firms willing to contribute services -to the community,; espe- 
cially to prove'to the jurisdiction on a' demonstration facility that retrofit is^^ 
feasible and practical. The second variation on consulting services is to 
obtain assistance froin nearby colleges or universities. Several jurisdictions, 
sometimes with assistance from their state energy jffices, have developed 

^agreements with engineering or architectural departments. of nfearby institu- 
tions. Several jurisdicti^s highly recommend this approacli, ; • / 



The phased management proces*s outlined above applies directly to 
retix)fit of a single building or to a number of fiacllities processed together 
as a group (i, e, an initial energy consumption study -is first performed 
for all buildings in the group, then all receive an engineering study, then all 
are retrpfitted and monitored as a group). Jurisdictions with sizeable 
number of buildings, however, may want to modify this batch processing 
approach because of financial and manpower constraints, ' Few jurisdictions, 
for example, as indicated earlier, are'likely to want retrofit construction 
costs for all buildings to occur in a single year. Similarly, the jurisdiction 
may want to cut peaks in m:anpower loading by spreading the work over ^ 
period of several years. This can be achieved by having a certain amount of 
auditing, engineering analysis, ajdd implementation occurring simultaneously. 

Figure 5 is a schematic representation of a multi-year retrofit program. 
Note that in this example existing buildings \yere divided into three groups 
(A, B, C), The first group in most cases will be the largest.and least energy 
efficient buildings. . All buildings are first audited for. energy use. Then as 
money and manpower become available ejach group of buildings, receives an 
engineering study," low cost modifications are initiated- immediately, then the 
remaining retrofit modifications are implemented. In this sai^ple plan, 
detailed monitoring pontinues for a' one year period following implementation. 

FigiSre 6 represents; the accumulated cost impact of the sample multi- 
year program. In this example the largest cost impact falls in the first year 
of the retrofit program. Extending the dur;ation ot the effort WQuld lower costs 
.occurring in any one year. » 
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^^ACTIVITY ^ • 

Energy Consumptton Study 

Of All Buildings, . v 

. • ' . ' ' ' - ' . ' 

BUILDING GROUP "A" ' 
Engineering Analysis 
: ImpJemer^ation 
Monitoring. 

BUILDING GROUP "B" ' 
Engineering Analysis 
Implementation 
Monitoriag 

BUILDING GROUP "C" 
Engineering Analysts . 
Implementation 
Monitoring : 



Figures 

Sample Multi-Year Retrofit Program Schedule 
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SAMPLE MULTI-YEAR 
RETROFIT PROGRAM SCHEPULE 

; - PNsed W^oiri 
. ' , 3 Groups of. Bui Iwhgs 
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SAMPLE MULTI-YEAR 
RETROFIT PROGRAM: 

Total Accumulated 
Expenses for Retrofit 
for Three Groups of 
BulWings(A,BiC) 



ACCUMULATED 
COSTS OF 
RETROFIT 
(DOLLARS) 



TOTAL PROGRAM COST 



PHASE III 
Implementation 
Building Group. "A". 



PHASE II. 
Engineering . 
Building Group **A': 



iCQhsumption Study 



PHASE HI 
Implementation 
•Building Group*; 



B" •■ 



^PHASEII 
Engineering, 
Building Group,' 



PHwdEH, r 

Engineering ; 
Bbilding Group.; 



B" 



PREVIOUS. 

iNpURREb* 
(YEARi): 



PHASE III 
Impfementation 
Building Group "C" 



PREVIOUS 
COSTS 
INCURRED 
(YEAR 2) 



PREVIOUS 
COSTS 
INCURRED 
(YEAR^) 



Figure 6 

Total Expenses Over Time for a 
Multl-Year Retrofit Program 



A 



Figure 7 applies to the same multi-year program example and represents 
accumulated energy savings from the start of the program". Some savings occur 
immediately from implementation of low cost options. Growth in rate of savings 
accumulation' depends on how much retrofit has been implemented, 

. Net^savings^tb^date for the example program Is shown on Fig:ure 8, 
This plot of accumulated savings minus accumulated retrofit costs over a 
period of time is helpful for plajining the duration of a retrofit program. 
In essence, this chajrt shows management how much front end investment is 
required to gain a given amount of energy savings within a given time period. 

In developing^ah overall retrofit plan spanning several years, th^ 
manager begins with very rough assumptions and estimates which later are 
replaced with more accurate data as it becomes available. The estimating 
data in Figure 9 is provided to assist the manager with initial rough Estimates 
of the basic scope of retrofit capital costs, manpdwer requirements and 
savings. These estimates are based on past experience. 4lftta data is rough 
and should be used with care. 

Once the jurisdiction estimates how njuch ca^pital (or bond financing) it 
can expend each year to achieve retxpfit, the estimates of Figure 9, may be 
useful in calculating the square footage of space that can be retrofitted each 
year. Resultant anniial energy savings and energy cost savings can then be 
derived^ again, using estimates from Figure 9, Finally, management can 
project accunmlated energy retrofit costs and savings for a multi-year 
program such as in Figures 6, 7 and 8, Through each step in the retrofit 
process the jurisdiction can xefine'these planning charts by substituting 
improved estimating data based on its own experience, 
^ i. ' ' ' . ' 

Several reviewers of this documentliave stressed the desirability of 
partially financing retrofit work through energy savings achieved by earlier 
retrofit efforts. Among other things, this approach demonstrates to citizens 
that the retrofit program is designed to save public money as well as to save 
energy! For this approach td be workable, energy savings occurring on paper 
should be set aside on a separate budget line, and not simply returned to the 
genial treasury. 



ACCUMULATED 
ENERGY 
SAVINGS 
(DOLLARS) 



SAMPLE MULTI-YEAR 
RETROFIT PROGRAM: 

Gross Accumulated Savings 
-for Three Groups bf 
• Buildings (A, B,C) 




Figure 7 ^ 

Gross Sayings Over Time 
. Multi-Year Retrofit Program 



NET ^ 

ACCUMULATED 
SAVINGS FROM 
RETROFIT 
(DOLLARS) 



FRONT END 
A INVESTMENT 



NOTE THAT ALTERNATIVE 
PROGRAM SCHEDULES.(DOTTED 
LINES) CHANGE THE TIME PERIOD 
FOR PAYBACK AN D ALSO AFFECT 
MAXIMUM FRONT END 
INVESTMENT. 




Extended r 
Implementation 
Schedule with 
Energy Savings 
Applied Against 
Retrofit Costs 



\ /• • 



Payback Curve (Schenhatic) 

Expedited V ^for 3 Groups of Buildings 

Implementation^^**^ / . Scheduled as In Figures 



Figures 

• Net Savings Over Time for Sample Multi-Year 
Retrofit Program (Accumulated Savings Minus 
Accumulated Expenses) 



Figure 9 



> SAMPLE GUIDELINES FOR ESTIMATING POTENTIAL COSTS AND 
SAVINGS OF, AN ENERGY R ETROFIT PROGRAM 
(See Figure 15,' page 46 for examples of recent retrofit) . 

- 1- Cost for Performing Initial Energy-Gonsumption Studyrand- — 

* Spotting No Cost fconservatiop Approaches (Phase I) 

a Buildings under 15,000 square feet: 1 man day for an 
engines 

b Buildings of XOO, 000 square feet: estimate 3 man days 
for an engineer • > 

2 Cost for Phase II Engineering Survey and Analysis 

a ^ Estimate costs beginning, at about $. 07 per square 
foot of space for a thorough engineering analysis. • 
sCosts from $0.10 to $0.15 have occurred in several 
instances. .Fees should be based, however, on 
accurate manpower requirements, not arbitrarily. 
The engineering fee estimate here is isubject to 
much v^iation. Several jurisdictionjs have per- 
formed in-house engineering at veryilow cost. 
This estimate 'tends to reflect the higher range of 
fees required for a very detailed study. Fees are 
affected by the niiinber ^nd complexity of buildings 
b^ing studied. - ' - 

3 Cost for Construction and'implementation in Phase in 

■ • ■ . ■ •■ ; . ■ •• • ■ ■ • ^ ■ 

a Estimate $0.30 to $0. 80 per square foot for 3-4 year 
. payback goal, or 

b . Estimate $1.00 per square foot for 6 year payback 

goal " ' 

4 Estimate of Current Energy Costs (if data is not available) 
Estimate between $0.60 and $1. 00 per square foot 



(More) 



(Figure 9 continued) ' ^ 



5 Estimate of Potential- Annual i^nergy Savings (FEA Estimates) . 

a 10% to ^0% sayings with little or no Investment 
(no retrofit) \ 

b lb% or more with minimal initial cost (l\mi-ted / 
'"""Retrofit- "quick-fix"! 

c Still ano'ther 10% to 20% more with payback of f 
3 to 10 years (retrofit) • 

d Savings depend on many factors including hpw / 
much energy conservation work has already 
been done. 

"■■ " ' ' ' ' . -f* » » ■■ ' ■ 

Construction cost estimates were derived as follows: 

a (10% savings) x ($1 per square foot/year) x (3 years for payback) 

$0.30 per square foot, 
b (20% savings) x {%X per square foot/year) x (4 years for payback) 

. $0.80 per square foot. ; 
c Case studies as shown in Figure 15 tend to support these rough 

approximations* , ' 



r 




STUDY OF CURRENT ENERGY CONSUMPTION 
' , ' (Phase I) 



In beginning an energy* conservation retrofit program, these basic steps 
must be taken: 1) top management places priority on saving energy; 2) account- 
ability for energy use among agency departments and building, siipervisbrs 
4s established; 3) the practicality of retrofit is shown by means of a study of 
curfent energy use; and 4) funds are committed for further retrofit analysis. 
The discussiott-bQlpw concentrates on alternative means to conduct an ehergy 
use study in public buildings and ways to analyze the data,< Before broaching 
this subject, however, it may be helpfuf to discuss in more detail the other 
activities which should proceed at the same time. 



anagement and Citizen Interest - 



. Commitment of top level management to retrofit is mandatory. Experi- 
ences from several sources have demonstrated this fact consistently. The 
Interest of citizens and elected officials often caii be just as important as 
support within the administration. Several jurisdictions have found citizen 
participation to be essential and an important source of advice and voluntary 

* help. Depending on the structure of the jurisdiction the mechanisms for 
reaching elected officials and citizens vary: City Council Study Committee, 
Citizen Energy Committee, Architectural Review Board, or possibly other 
groups. Wh^n the jurisdiction chooses to proceed, it can be very' important* * 
to involve and inform people other than technical experts concerning the 

/Retrofit process. This broad based support cannot be underestimated in 
importan^. 

Establishing Accountability for Energy Use 

■. ' • ■ , ' . - ■ . 

'^The same need for commitment exists for the actual end us^rs of energy 
in the jurisdiction—agency personnel ^nd operating Staff; especially building 
supervisors. ^ ^ • 
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Several large scale building owners have found that eptablishing account-- 
ability— -one responsible person for the energy use of each building and a 
standard reporting ^^procedure to track energy use — is an important step in ' 
the retrofit process.. Initiating a system of periodic energy use reports for 
all facilities is an approach to this problem which several state and local. - 
government jurisdictions and other large scale building owners have used, 
successfully, " \ 

By setting up procedures for monthly energy use reports, managemerit 
both begins to collect data needed for retrofit analyi^is and also demt)nstrates 
to building supervisors that it is highly concerned about energy consumption. 
An important benefit of the. reporting system is that it makes it possible to 
recognize the real efforts of agqijncies and individuals to reduce energy use 
in their facilities, and places a spotlight on facilities where little progress 
is being made. _ 

Employee suggestion and reward programs can alscf be an important ' 
part of a conservation program. They have been tried and have been shown 
to work. Continued emphasis and fine tuning are necessary otherwise the 
program may fall into neglect. Rewarding people for saving energy, however, 
should TDe approached Tvith some care. 

One.large scale facility operator in private industry has noted that the 
amount of energy saved for a particular building is not necessarily the best 
guide to how well the energy conseijyation program is operated: a poorly 
run facility may gain major savings with a very small conservation program 
aimply because so much waste existed initially. An efficiently operated 
facility on the other hand may gain only small energy -savings even with an 
intensive energy conservation program. . 

Conducting a Study of Current Energy Consumption 

/ ^ • . '. ■ • . • - ■ ■ ■ . . " . ' ■ ■ . 

• . - , ' ■■ ■ ' . * . ' 

The energy consumptioa study provides objective information needed to 

identify buildings that are wasting energy. Facilities th^t can be improved 

effectively can then be designated for further architectural and engineering 

study. Though several approaches may be taken in performing the energy 

consumption study, each is based on consimiptidn records of existing facilities, 

review of building plans, and on-site observation. ' 

The alternative energy consumption studies described on the following 
pages are presented in order, of increasing level of detail, accuracy of estimates 
and difficulty to perform. Erfiphasis is. given to the ^Method 2** analysis wWch 



has beea the most frequently applied method. • Methods 1 atid 2 can be performed 
without great engineering tepertise. Method 8 may require participation of a 
compptisnt design professional. 



Mebbod 1; Rough Estimate , tn facility complexes lacking separate 
metering for each building or in cases where records have been lostj. selectihg 
the best buildings for retrofit study is most difficult. If time and resources 
do not permit going into great analytic detail (such as in Method 3 below), 
about thQ best that can be achieved is to sel^t the largest facilities occupied 
for the greatest time periods each week. Old heating, ventilation, and aif^ 
conditioning systems, and obvious energy waste recommend further study. 
Faced with a situation of this type in one facility complex, the National Aero- 
nautics and S^Dace Administration set the*following criteria to sel^t the first 
buildings for detailed retrofit study. Local govertmi en ts lacking eSfergy con^ 
sumption data may choose to set similar selection criteria, 

■ . ^ ' , ', ■ ^ ■ ■ , ' " 

' ■ • ■' ■ .V . * 

^Largest facilities . / - 

Known major energy users with obvious flaws ^ 

Lighting greater than 4' watts per' sqifere foot 

Facilities having A terminal reheat system , 

Facilities utilizing waste heat rejection ^ 

Facilities occupied or operated 24 hours a day 



Method 2: Estimate B as ed^on. the Energy Utilization Index (EUI), The 
second method for performing an energy consumption study, is based on past 
records of energy usage, a walk-through survey of each facility and a^'review 
of specifications and drawings,. This study may be conducted either by in- 
hotise staff or by an engineering consultant, Greatier. analytic detail at this 
stage of the retrofit process, such as djescribed in Method 3 below, may not 
be required to make the management^decisipn to proceed with the Phase n 

litie^>^U£ 



, engineering. study in selected facilities>-Users of this audit method haye found 
it effective in quickly identifyiqg the least energy efficient facilities — -the most 
promi.sing for retrofit, 

^Me basic output of this energy consumption study effort is derivation 
of an Energy Utilization Index (EUI> for each facility. The Energy Utiii^atiod 
Index is nothing more complicated tl^^n the total' energy consumption 6f each 
facility in MBTU^s (thousands of British Thermal Units) per square foot per 
year. Grouping similar facilities and comparing thisir EUI results will point 
out the facilities operating leasl'efficiently and probably the most amenable 
to retrofit (see FigiirV^lO), • 



ENERGY 
UTILIZATION 
INDEX 
(MBTU per - 
Square Foot 
per Year) 



^Buildings with high pnergy 
consumption on a per-square- 
foot basis are Mkely toTBe the 
best candidates for retrofit. 
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Figure 10 

Energy Utilization Index Used to Set Retrofit 
Priorities 



u - Basically, the data required to complete the consumptibri form iri 
Appendix 2 are as follows: '~~ 



3 
4 



Records of energy consumption for each building* 
a Utility billings (electricity, steam), 
b Fossil fuel billings (oil, co£^l, gas) 
Functional characteristics'of each building.. . 

a Type of use ^ 

■ . ■ ■■ ' . * 
b Period of occupancy, (i. e. , daily, weekly) 

c Operational characteristics 

Climatic data., heat gain, and loss characteristics. 

Architectural, electrical, and mechanical drawings 
of each, building. 



If possible, utility and fuel billings should be compiled for several 
calendar years, including periods prior to and after any "<}uick-fix" retrofit 
modifications. Energy consumption in a base year of. normal weather con- 
ditions may be compared with that of other years to. draw conclusions on. 
variations in consumption. Utility companies often may be helpful in selecting, 
an appropriate base year with normal, weather conditions, '^Quit;k-fix" retrofit 
modifications may be evaluated by determining energy reductions which have 
been achieved. Cross-checking data from similar buildings may uncover 
problems in similar energy systems now using dissimilar amounts of fuel, • 

An EUI figure is derived for each building using the forms and methods 
shown in Appendix 2,' By comparing EUI figures for buildings similar in tjrpe, 
design and use (e,g. , offices, schools, or garages) management can determine 
which specific buildings of a ^veri group of buildings are least efficient energy 
users. Final selection of the most promising facilities for further retrofit • |v 
study can then be made on the basis of EUI ratings and total magnitude of ^ 
energy, costs for each building, GenerflLUy the largest buildings with the highest 
EUI ratings will bs selected. After this selection is made the jurisdiction 
proceeds with en^neering analysis of Phase II, ; ^ . 

Method 3; Analysis on a C6mponent-by-Component Basis, A much more 
detailed consumption review can be accomplished using procedures developed 
by the Federal Energy Administration and used for estimating^ retrofit pote^iais 
in federal facilities for the Federal Energy Management Program, Combining 
engineering test data, experience and the results of computer analyses, the 
process works as follows: 

1 A list of promising retrofit options is obtained from 
\ . ;/ pharts showing basic climatic conditions and%4jiildin^' 
types. These charts are included in Appendices 4 

and 5; . / , ■ v 

.2 Each promising option is analyzed for potential energy 
.. savings independently following a step-by-step. procedure 
provided in the FEA manual. The procedures are largely . 
based on reading charts and following straight forward 
. arithmetic calculations, 

3 Construction cost estimates^are developed bfitsed on ' 
unit installation Qosts that are provided in the FEA 
manual, then the estimates are modified,by multi- * 
pliers for regional cost variations and cost escala- • 
tions due to inflation. 



Appendix 3 provides an example of the FEA audit procedure and describes 
how pertinent manuals can be obtained. While more detail -is gained uging 
the FEA procedure than in Methods 1 and 2 above, it also requires much more 
; tinie to complete and greater technical expertise. The FEA method, for 
example, requires the availability of detailed data about energy consumption 
characteristics. of components of the building HV AC system. Jurisdictions 
without available technical staff may do well to limit themselves to the Method 
2 approach. -One final caution is necessary because. of the yoimg state-of-the- . 
art of the retrofit field. Though the FEA procedures are more detailed than' 
Methods 1 and 2, there is no guarantee that they are more accurate; Thev^ : 
question of accuracy is now receiving substantial technical review. . ' ( 

Technologies for energy consumption studies are now undergoing rapid 
development. One example of this is utilization of ground-based and airborne 
infrared thermography. In several demonstration applications,- "sensitive 
scanners hav^ successfully mapped areas o) unusual heat loss or heat gain 
on'building exteriors. One example of this is a roof inaulation performing 
' inadequately because of moisture build up. Airborne thermography for buildings 
is especially useful for studying roofs. Flights may scan a wide path so that 
-energy loss from all buildings ini^a town or a major facility complex may be 
reviewed. Several cities and ^tilities have \ised this approach successfully. 
The National Aerona^uti cs and-Spaoe Administration has been a leader *in 
the airbo^rie therftiography field. ' Hand hel,d infrared scanners increasingly' 
. are being employed to study exterior walls and interior building components, - 
/ =v again, to identify areas of iinusually high heat loss or hj^at gain... 

Presenting Results ^ ■ 

. .While th 

jurisdictions with in-hQuse staff in.relatively short order, ' substan^iaj^ixgsources 
are required fpr>work to, proceed further. The detailed engineering study of " 
P^iase 11 generally will require a decisiort'by^the jurisdiction to either c.bntract : 
with an architectural and engineering consuU a^lSista^^^^^ 
utilize considerable time of the jurisdiction's own techiaical staiif./'M such, . 
the decision tLo go ahead iriust be j^i^tifie^ and shown *!tb be pronjif sing. 

The pres'entation^pf .#e etiWgy 'consumption study results must tjLS'clear^ . 
and comprehensive. Use 6f charts and,.graphs is recommended. The,data . 
that ihould be presented includes: ' • v 

• ., -.v : \; 

1 Background, methodology and explanation of tprms. 




TOTAL ENERGY: 
TOTAL COST: $_ 



BTU 



EUI ^ RELATIVE ENERGY 
CONSUMPTION . 



V . EU( <MBtU PER.SQUARE FObT PER YEAR) 




H Yearly Energy Costs {Dollars) 
'W^., .Currerii Energy Use (BTUX 1000) 



•Buildings with high energy'cofir ' .>'-;5» ;;v .. . 
..; . surhption-^Bestcandidaiteisifbt i^f :.^^^^ 
/:^''5;Retrofit. 
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^^^^^^^^^^^^^ 


DescrVpti^h: 
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Figure 11 ^. 

Sample Schematic Formats for Presenting ■ 
Energy Audit Results ^ 



1 .--i-;--^-^: 



2 Totar yearly energy consumption by all buildings-, 

3 .V Total annual cost of Ijiailding energy consumption. 



Annual: energy consumption for iridiyi.dual buildiiigs 
shown- iij two wajrs: (1) on an annual MBTU per. 
square f(66t. basis, (ue,, EUI figures); <2j::as;aim^^^^^^ 
dollar cost for each facility. . • : v 

• Preliminary reQoiSmi^ndation of buildings 'ynast: ^ . • f 
^suitable for reflTdfit. ■ : ■ ; ' V • • 



6 Preliniinary impleni^a^ti<jti^^ energy saving^ 

estim&tes plotted pver;.tiWev ,^if Methods 1 and 2' were 
used, guidelines for cost^ such as in Figure 9 on 
p^ge 21 'can be used to develop rough estimates. If ; ' 
Method 3 was used, for the energy consumption rfeview, 
savings estimates and retrofit cost estimates arfe/j- . 
^ ^ ;^developed using procedures provided within,t;6;gic/!p^^^ ^ 
TBfeisence doouments. '^v '^Ji:^ 



Figure 11 shows schematic means to represent this information. If it . 
has not occurred earlier, at this point it may be desirableib.involy^ people*' 
from several departments, elected officials and. possibly a c itiS fell' advisory 
group to^ review and refine the basic retrofit plan developed: tM v^^^^^^^ 
can be adjusted, estii^n^ijfi^ explained and critic^ttip^ai^ 

shifted, If the ^aly sis; withstands this *t^st, and continues-;tc)7?i^i^ ; 
impdrtanc.e^ of energy conservation iniexi^ting buildings, thejf ^&pit^of 
financial aiiil^io titles. may be fbrthcomm '^^^vJfe ^ V 





BUILDING SURVEY AND ENtJlNEM ANALYSIS 
' V> (Phase IP) O'^" ' 



The buildib^ survey and engineering analysis phase of a project requires 
serious and detiaire3 £^ engineering study of retrofit alternatives. 

Jurisdictions niay ;Qhp'o,se to perform this study .with existing in-house archi'-. 
tectural engineering -^t^f, may utilize. tKe services of*a competent architectural 
engineering fipjti; Eiaay^'^^^^^ nearby universities, or in 

some instanQes^Miay r^^^ from ''local design professional^; 

The competence and experienc'e^of the^^^^^ group is of paramount importance,; 
Though written in terms of a coitinii's.sioaed outside en^ne^rlng consul tanj; li'j' 
perforirLing the study, the work description and evaluation {Jrocedures b61p^:^4nay 
also be used by a jurisdiction to iraView O^pabilities of in-house staff aiid'to * 
direct their efforts, i : ;' ' w 



Developing Work Statements ' / ^ 

A prelimitfary work statement is first devejloped by the junsdidiipn^^^^^^^^ 
describing required engineering study tasks. This accomplishes sevei*alv;.f^^ 
"purpps.es:- ^v'^^i ■ ; ' . - , ; . • 

1 . Provides'candid^tt^ consultants or in- . 

affair under |S 

2 . ' Provides the- j.\ii:isdiction%^ • . 

negotiate the cost and time period foi^ Stiaiytic work, . ' 

3 Provides the jurii^diction with mjeahs tp' evaluate can- v ; 
didatefirms, v'; ^.Jii ' . 



. Management may wish to ask the advice of consulting firms in refihing 
a preliminary scope for tl\e task descriptioni By di^ussing the subject.with 
a represen%£iye sa^^ firms, a^'fair understanding of work statm'ent 
possibilities ^ill develop, V. : - / ^ ■ . ^ 



^ A sample wbtk statement is illustrated in Figure 12 and maty, be modified 
^for.the project at.h^d; The sample work statement calls for a detailed and / 
comprehensive study, a plan for instrumentation, and development of a plan' 
for implementation. This basic form of work statement has been used success- 
fully for engineering services on sever?.! past projects. Management may . 
choose to" scale down the work statement if it desires, eliminating, for example, 
[.consideration of conversion to alternative fuel sources. 

V- ■ ■ ' ■"■ / - ' ' - 

■ ' Several pas^. retrofit projects reduced the scope of work and have pro- 
ceieded with less ^extensive engineering analysis than described in Figure 12. 
'The explrienee of Public; Technology, Inc., however, supports the importance, 
of ^ comprehensive study, especially to gain the assurance that a wide range 
of conservation alternatives has been reviewed and the most promising selected. 

' Solicit Qualifications Statements and Release Rjequest'for PropQi^als 



DeiDending on current consultant selection procejdure^, of the jurisdieti^, 
propbsals from potential consulting firms .frequently will B^?fiolicited as 
follows: A notice is pijb^ft she'd- 'and invitatiocte are^^^rf^nt '-Requesting qualifications 
from various firms. Consulting' firms submit qiia:Iifi;o&tion statements; the 
statements.v-£-iJ^m several firms are screened; then k limited number of quali^ 
fied firms gt;cfe requestedjtp submit detailed project proposals. 

, y;r ' " . ■ • . 

If it is desired tih^ti^ll firms submit their credentials within a common * 
format the jurisdiction rhay choQS« to jiiyiize or adapt the Standard Federal 
GSA qualifiCfition statements (Forms 254 and 255), saniples of which are 
^^jcpntained in^^ppendix 6. ^ - -v. 

' Because there will be a diversity among the retrofit programs of indi- 
vidual jurisdictions, it^tnay be desirable to hold a briefing for interested 
consuHi^g^itiii The work statements develop.ed above will help to clarify 
the extent (tf analysis which the jurisdic^pn desires. 

A sample TSequest fbrvljroposals is included within Appendix 7 of thi 
document. / ^ v 



^ Review of. Consultant^ and Selection of Firm for Negotiation 

If .tjxe jurisdiction ii? ^seeking professional services for Phase II, the .level 
of service and fee probably wi^*! be negotiated, not bid. Frequently-a review 
committee ^ch^as arj architectural review board or a citizen's (see page 36) 



Figure 12 



ENERGY CONSERVATION R^R0|'IT STUDY,..,-- ; ;r,l , 
SAMPLE WORK STATEiSNTT-:':-" ' 



A Th&^^ti^dyX^^ an analysis pf the specified buildings 

froirti'tixe standpoint of energy usage and shall identify alter- 
/ atioiifs, modifidations or additions which could feasibly be 
made to the building or its use to: (a) reduce the overall 
consumption of conventional fuel and energy; and (b) reduce 
the peak demand for individual fuel and ener^ sources, 
where more nearly constant demand would^bt! advantageous . 

?B-:5; ,The study gh^U include: . ? . 

^ ' . a An overall ^survey of the biitlding use and occupancy 

to identify!|acility use patterns and functions performed 
by buildicfe occupants which contribute to energy use 
within the specified building(s). - ; - , 

b A detailne^^ sur\rey of the building envelope and its space 
heating v;;^'iOiol^ domestic water, electrical and lighting 

system^jjf^P®^^^^'^ ®^^^P^®^^ practices; and other ^ , 
factors '^ftecting /'energy usage, by means of appropriat^^^^^^ 
and accepted analysis techniques. .'.^v 

(1) Calculate heat gains and losses for existingj;;';^.;^ 
buildings based on existing op.erSting loacfS'-^^^ 
^; ; outdoor air conditioning duri^tit^ and 
'.[■unoccupied hours. Also cal^^tate electric loads 
' and consumption,. Provide corresponding com- 
M^!}' parative monthly energy consumption data based 

on actual historical utility billings fmonthly, yearly, 
or long-term median values as appropriate). 

. (2) Identify and describe types of existing heating and 
♦ y cooling systems and how they are configured with 

i;'espect?pD the heat gains and losses in (a) the 
building envelope; (b) interior or core areas; and 
(c) special purpose areas/ v 

.. . \ ' I ' r. (More) 
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(Figure 12 continuied) 



The development of recommendations Ifor alterations, 
modifications, additions of equipment, systems or 
materials to the building and its existing systems, or 
modifications to operating procedures to reduce the 
consumption of conventional energy sources, or total 
'conversion to less critical energy sources where 
applicable: The recommendations shall include gathered 
data, followed by engineering and economic analysis 
which ar6 sufficiently documented to lead to the recom^ 
mended solutions. 

(1) The reconimendations should cover change's that 
would not adversely affect environment, produc- 
tivity, aesthetics, or safety of fhe building occupant 
or visitdts. > 

(2) Ea6h recommendation should be supported by a 
preliminary estimate of the cost to perform the 
work, together with an estiniate of savings in 
energy (BTU's) and critical fuels and operating 
costs, plus a forecast of payback time. 

(3) Recommended options should be prioritized to 
facilitate selection of individual items, should 
limited funds be available. Further information 
should be included as to which work could best 
be performed during one particular season and 
work that could be performed with the building 
occupied or partially oc^pied. / 

The development of an acceptable methodology and 
instrumentation plan to measure performance as com- 
pared to prediction. If actual physical instrumentation 
is required, provide individual itemlz.ed cost estimates. 
Instrumentation should be planned so that readings can 
be taken before energy savings proposals are employed. 
(Desirable instrumentation, if any, will vary among 
buildings and perhaps may include nothing more than 
normal fuel and electric meters.) . 

» - (More) 



(Figxire 12 continued) 



T6. 



In carrying out this study, the consultant shall consider the 
ideas in existing guideline documents for e'nergy conserva- 
tion in existing buildings. Energy conservation concepts 
including, but not limited to, the following shall be priori- 
tized and considered for each building: 

Modify current building operations and occupancy schedules. 

Reduce heat gains and heat losses through. the building 
envelope. 

Eliminate simultaneous heating and cooling of a room or 
zone, . 

. When loads are reduced, modify cooling and heating systems 
to operate without waste of energy. 

Modify systems to operate at greater efficiency. 

Cool or heat^ith outside air whenever advantageous. 

Utilize heat recovery systems whenever advantageous, . 

Reduce use of new energy for humidification and dehumidification. 

Shed loads for peak demand periods and consider off-peak 
energy storage. 

Match equipment power to ^actual loading. 

Reduce energy utilized for artificial illumination, - 

Utilize high efficiency 'light sources, . 

Utilize^lnter^or finishes which absorb less Ught, 

Utilize more Highly, flexible manual andoautomiatic switching 
of energy (consuming systems (light switches, thermostats). 

Take advantage of natural lighting. 

Use thermostats with larger deadbands (allow greater 
temperature swing). 
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energy advisory ^oup with sufficient technical expertise will be utilized to 
select one or more firms for contract negotiation; Evaluation criteria such 
as those in Figure 13 may be used to assist in this process. 

Detailed Negotiation with Consulting Firm and Contract Authorization 

Using the final work statement,, a contract is developed and clarified. 
Fee proposals and levels of service are discussed and agreed upon. For 
planning purposes, a jurisdictidYi may estimate a consultant's fee for the 
survey and engineering analysis as beginning at about $.07 per square foot :^ 
of floor space. Several owners have incurred engineering costs in the range 
of $. 10 to $. 15 per square foot. Xhis data^/ however , is from a small number 
of past retrofit projects for office occupancies and is meant only to be illus- 
trative. It should not be used to develop precis.e estimates of fees since they^ 
will depend mainly on engineering man-- hoiirs Which, in tiirn relate chiefly to 
building complexity, the extent of analysis which will be desirable, and the 
ni^ber of buildings to be surveyed. ' t , ' 

A situation may exist,whereby a candidat^-consfiltin^^^^^^ offer to 

link its fee in some faghion to energy savings ^rec'elViG^'^^^^^^^ 
(if allowed by local procurement regulations). While tl^i^ appear to be 
an attractive offer, it requires careful evaluation of results to assure fairness '' 
and to avoid legal problems. Base year consumption,, prices, and a payback 
period against which to measure energy savings and appropriate fee bases 
mu^t be agreed upon. If, -for example, the following year is used to evaluate 
results and the jurisdiction has not completed retrofit modifications, or if 
weather conditions are unusually severe, then the consultant wpuld be unfairly 
penaliilfed. Because the consultant's fee is subject to risk, jiirisidictions sliould 
assume that the final fee on the average will tte high^er than if the consultant 
was not in a risk situation. Also the jurlsdiGTion should consult legal counsel 
'if a fee structure of this type is considered, especially if state or Federal 
money wijl be involved. Several design professionals j?eviewing this document 
do not approve of this form of fee basis on ethical grounds. It has, however, 
been used. • . 

On Site Survey and Data Collection 

In conjunction with building operations staff of the jurisdiction^ the 
consultant will conduct a thorough on-site survey of each building and will 
review available drawings. Building operating procedures should be cjiscussed 



' ^ Figure 13 * • , * 

SAMPLE EVALUATION CRITERIA FOR BUILDING SURVEY AND 
. ;/ ENCaNEERING ANALYSIS CONSULTANT 



Review ofreferences and experience of the firm or joint 
venture and the particular project team in successfully- 
conducting similar projects. Ability to perceive jurisdic- 
tion's goals and approach. ' , 



V-;'2 : ;;' Familiarity with and availability of existing documents,' 
and manuals for energy conservation analysis^. 



3 



Building management experience, p^irticularly experience 
in cost o6ntrol and testing for heating, ventilating, air 
, conditioning, electrical and conbrpl systems. 



, • '\4y;;V\.. Engineering design experience, particularly in conceptual 
' of alternative systems, and cost 

5j£ Architectural programming experience especially regarding 
user needs for space utilization and comfort requirements. 



Experienb^with and ability to use various analytical and 
computer techniques. for modeling and studyit^g energy use 
within the building. 

Abilfty to evaluate energy savings and energy cost gavings 
over several years for alternative energy conservation 
approaches including architectural, electrical, heating, 
ventilating, air conditioning, control systems, and lightings 

Cost estimating ability for repair and alterations work in 
similar t3^es of facilities. 

Experienc^^* in developing architectural and engineering work 
statements. 

I ' ■ (More) 
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(Figure 13 cbntinufed)^ 



I'ij Adequacy of firai to pTOv technical 
and support persoilnel::for the pro 

11 Acceptable perfor^nance period for completing the survey 
and engineering analysis. 



12 'Suitable scope and detail^of survey proposec?^;; 



in detail and- progress already made tn "qui ck-f^i^* s^^^ be reviewed. 

Additional Jow cost changes shottld be identified. Measurements taken as part 
of this on-rsite survey may include as examples: lighting 1-evels, temperatur||ji< 
in various rooms, and heating system efficiency checks such as exhaust ^tacft^^ 
temperatures, & * ^l'/4 

Following the on-site survey the consultant should review prelimin^try . 
'findings with administration officials, • i 

Detailed Engineering Analysis v j 



While use should not be mandatory, computer programS^rot 9J 



of energy flows may be iemployed by the consultant to provide 
of energy utilization in sizeable or complex facilities, Relianc6\^{K>n;^^^ 
more computer programs becomes desirable to* gain accuracy inVi^*^^-^*"^^ V f" ; > . 



many interacting patterns of energy flow. ' -For instance, reduci^^|l)|3^^ 
wattage has the direct effect of reducing electrical energy use. I&^ie^ 
indirect effect may b^ to lower summer cooling loads and to incr^ii^e A^Viile^^ 
heating requirements, since less heat will be released by the loyer.^i^^tt^g^^ 
lighting system. Further, once the sub stanti 9,1 amoimt of building-f^teidjv .V *^^'-V 
data is fed into a computer, many building retrofit options can be evaliiat^e^i^ • - ^'f/'V' 



including their interaction—with relative ease, thereby reducing engiTtigeririig;". ...w-. f 



manpower requirements. 



'••I 



• Several computer programs are available for use in the engineering 
analysis. Appendix 8 lists a, number of the programs which now exist. Many 
consulting firms that do this type of work have their own programs. Wfeen 
the group performing the study selects a program, care must be exercised 
to assure that all promising retrofit possibilities catf b^ analyzed, including . 
concerns for variations in the heating, ventilation, and air conditioninjg systems 
such as dew point reheat and set point control, dual duct, multi-zone, demand 
ai^hwmidityoverd rive 'and variable volume systems. Lighting, weather data, 
insiifation, configiipation, building orientation, and numerous other factors 
must be included vfo'r the analysis to be effective. 



For smaller and less complex public facilities the jurisdiction may 
choose to reduce its study costs by foregoing the extensive computet analysis <^ 
d.esc;ribed. above. While manual estimates may not be as accurate, the absolute 
alrtbis^jit:'^^^ potential energy savings in a small facility (though not necessarily 
the proportionate size of energy savings) will not be^as significant nor will 
constTuction costs for retrofit modifications. In this situation,' approximate 
calculation procedures/mentioned in Appendix 3 may be of assistance to the 
jurisdiction. 



^ PWelopment of a W glaA.fy^r Jmplementation 

Btefore finaiicii^v.commifti^p^^ with implementa- 

tiorx, a \?^^kabie si^iydufp "^^^^eldj^^^ this is prepared 

by the jurisdiction's ent, ^' .^^ low 

cost options steul^.]^^^^^ C^'i^^ as possible. In fact. 



in-house maihlen^tt^ ^vi^^^ retro- 

fit work itselj. ^n^fju^ firemen perfo rm some 

retrofit work on their stations betweeri^^l^'^^ther portion of the specified 
work can be sent directly bids. Some options, 

however, may Require furtfler detailed ^a^chitectura engineering design 
development before construction can,begin. The implementation plan for each 
jurisdiction will be unique. Before a final decision is made to go ahead, the 
plan should be well outlined defining: Who is to do what; how much their share 
. of the work will cost; how long it will take; and how'the work is to be integrated 
with existing building operations. 



- 39 - 



43 



ERIC : ; ; ;t 



Presentation of Results and Recommendations 



Figure 14 is. a sample forriiat for the engineering study team to present' 
study results to management that fias been used on several past projects. It 
allows management to quickly compare retrofit-alternatives for energy savings, 
cost for realization and payback period. Each of three criteria; savings, 
construction cost, and payback is iniportant in an implementation decision. 



Payback period criteria. alone, may not be sufficient to . make dje^fcisions. 
If, for example, certain retrofit options can produce major ene^^rgy sayings, 
but have somewhat less than- a desirable payback period, perhaps management 
should consider their implenieWtion anyway. Similarly,, a retlx)fit option 
with a very high ^construction cost but acceptable payback may be by-passed 
in favor pf a cojfi^l^jttation of sevieral low cost but slower payback options. 
Overall, the iu^'j^?ction will seek to gain the maximum energy 'savings 
possible within available financial resources. 



\ 
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1 Additional Zone Cbiitrols 

2 .^AMtomatlcWarm--Up Cycle 
^(bptlmlrfn Start): 

3 ScheduleSupply Air Tempera- 
ture vs. O.AJ. and Set 
Minimum Air to 10% 

4 Night Set Rack tb SSF^^^^^;^^^ 
.5 EnthaiipypOfitr^^ V . 

Double Glazing ; " '.^i. ' 

Insulate Garage, Rpof and 

;wafi8:;-;;;-.^^'':i^^^ 

Llgiit Rejduo)^^ 

LockerHooj)^ ^ 

■ , Alrat N^gh]t;;j:^^^^^^^ 

Dorhesti^ Wj^eir-— H 

;;-r^tgHt;*^^";:^^ 

L6ad;<;yclin{j: 




43.291 
1.73,752 

862.275 

187.753 
27.060 
244.309 
158.000 

68.999 
107.000 



184.392 




28.455 

.6.196 
893 
8.602 
5.214 

2.277 
3.531 

1.258 

6.085 



20.300 

3.160 
6:^.000 
2.000 

. 7.600 
500 
-8.200 



Figure 14 

Sample Formatfbjr.finglneerjrig ^rfeijyste..Results 



3.6 
7.9 
.4 



2.2 

.4; 

1.3: 



• . IMPLEMENTATION . «, • 

(Phase ni) ® , ■ 

Once the jurisdiction has performed a thorough amlys is of energy 
conservation options in its existing buildings, the actual implementation of 
retrofit is straightforward. ' Genferally, modifications will involve standard 
materials, readily available equipment, and standard contracting procedures. 

Implementation tasks nprmally fall within a few categories: 

■ ■ ■ ■ A '/- .■ ■ ■ "\ ■ . . ■ ■ -.■^ . ■ ' ^ ■■^ ~" ^ - ' ^ 

Low cost modifications • ^ . 

Low cost modifications identified during the initial energy consump- 
tion study and subsequent engineering analysis phases may be 
implemented immediately,' frequently by in-house staff. Examples 
include weather stripping, adjustment of thermostats and revised 
procedures for equipment operation. Some low cost options, such 
as a.boiler tune up, may require a specialty contractor. 



Work that can be sent directly to construction contractors . 

Another category of work involves construction or-alteration 
which, because of its cost and labor equipment, wilj;)be performed 
by outside^construction contractprs.. Standard contracting pro- 
cedures of the jurisdiction normally will b'e used for specified 
work including: public notice, formal competitive bidding, award 
based on lowest responsible fixed price, and use of routine 
construction contracts. Either staff of the jurisdiction or its 
engineering consultant will be assigned to monitor this construc- 
tion activity. . '* 

Work where detailed design is required 

Depending on contractual arrangements made if an engineering 
.consultant was employed for Phase II,. some retrofit modifications 
may require further architectural or engineering Resign. One 
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■ ■ ■ ■■ ■:■ .^:;;-;:;:'^'-Vi^v.K';''- .■ • . • ■ -/ 

"^.situation where this might occur would be if an engineering firm 

from outside the jurisdiction's state performed thSfipfti^^ II 

analysis. In this case^ the jurisdiction might waftt^^^^^^ 

and sp,<^ifications to be prepared -by. either ih-hoMe er^^^ 

- •staff or a local engineering and architectural firml':' .v^ 

'.^ ^ . . ^ 

If^'a firm is engaged to prepare final drawings ancLsp^ifications, 
then standard evaluation, selection, and A/E contract procedures 
of the jurisdiction usually will be emplbyed. The firm prqf)aring 
the' ifinal detailed design often will assist the jurisdiction in 
preparation of contractor bid packages and in monitoriilg work 
accomplishment and schedules. 
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(PM^e IV) 



Gorrtlnued monitoring of Energy us 0 in buildings for a year or more is 
an essfefiitial portion of a phased managieitf^nt approach to r'etrofiti' The ^exact 
procedii^pes for monitoring may varyfiporisidj^ — from s{mpl6 t^^tcM^t^^^ 
.fuel blllsf' to elabors^te'lnstrumentatioJl of infllyidual bulldiuga^ /: 
methods is^e used, h^qwever, several basip ob^ 
. the monitoring progria]^: . ^ / - . ' :■ ■'t:^::/:t^K!^^N'^ 



Measuring, the effectiveness of retrofit modifications by 
comparing fuel consumptibn after impleihetatation with' 
base year data, ^ 

Monjtfib.sr.lng buildings in which initial jretrofit has been 
doneji^ito help determine whether retrofit should be ^ 
initiated o|^Mb^^^ buildings in later yfears. 

Maintaining records in the event that major unf65^seep 
changes in fuel^ijipplies and costs occur, such asfd.4j»j- 
plete ciirtailn^rieint bf a particular fuel; or in the dy^nt^.^^ 
-that a major jciefw/energy conservation option (such 
^olar) becom'^S ihore desirable due to technological 
or economic cibange. 

Continuing a vigilant ^watch on fuel use to assure that 
old habits of energy .j^a'ste do not returu ahd^lhat maln- 
t^anance programs Monltb^ing can be a 
major means to achieve accountability iti>.(^^ ^sOf 
to reward users who seriously strive fotVcoiiservation, 
and to identify wasteful energy users. 

In the event thjat the jurisdiction selects a consultant 
who proposes a fe.e based on performance (a given 
amount of energy reduction), monitoring will be 
necefssary to d.etei:rmine the appropriate final fee; 



, :c!jalraete^ the buiiding fnay have changed from the corismiript^^ 

:■ :" yeau?.;:e^ by management. 'X^uick-fix" conservation meastires- jn^ 

; and equally important, occupant use of £he;^jaH^ 

V may have changed. Qlven this situation, management must decide if f^^ 
V']p^esults should b,e compared to the base year or if allowance should be 
fo.r='c3evelopmen^ _ - vv- 

' -' r 'k A further complication develops if facility use has changed, or iif ' W^^? ' 
- ^^qiiipijfix^' conservation measures ^ar?. unplemented duxli^ the retrofit . ' '■'■^ 
pro^essj, . iC-b^o^^ sepai^^tg the effec^^ of tliie changes occurring 

_ /s'linu ■ . ■■■ ^^ly.'r.: '-r-'-^-y':- 

t.-; c /More proble^^ jvirisdiictlon seeks to separate 

i-^-jOut the effects of eac^ measures^ which: may W ' ' 

been implemented duifiti^jjthe^refe^ Witlid 

^:^^tioh, which may l^jB;p^^ 
;;^iTetrotlt measure is pfepf0r|^ 

. " A major problem* WHlo^ inpni tpriiig ■['■: 

does the jurisdiction do if rejb^ffti^ 
consultant's estimates even afteri.e^h 
see if it Is operating properly ? EJvenAf cOMe^ 

is OTiployed this situation may develop sintfij^^ietgifaeeH pr6cedures;^f^'^ 
ret*^k^^^ cases are still very rough^diija^p^ . , ; v vVi^- ; ^^^^ 



<y . ; Sf^ jurisdictions have obtained some'feter of contractusd g^ 
|rdiii:thelr architectiiral/engineering consxiltant td cpv^^ this situation, ''^^ 
In some way the consultant's fee Is linked to energy savings resized by 

•7 implementation. As pointed out earlier this approach has certaln^rawbacks, ^ ; 
<^pe b,ei^^ architect/engineer, procure- ' 

: lieift re Another.,(3rawback Is the probability of a higher fee tci^ 

.cover the risk assxtoed by ti^ ' • : ' ^ 

' -;; ; Overall, the hios t Important action which the jurisdiction can take to 
assure that estimated and. actual energy sayings results cpmpare favorably ■ 
is. to.select a competent ^(^^ ^cliitectur^ study group in the.flrfetUr 

place tfor Phase II analysis, A competent group,, whet-her In-house staff of 
outside copsiilt^pit^j:^^^^^^ able to use experlenced^judgement^^^^^^^^^ tha.t 
.esitoates-.^ and alsovci^n indicate to managem ; . 

sitatiBi^G^^ procedures^u^ed which may have a consld^rabie^;^^- 

m^^•gln for ertoij; ^ ^ .^V ; .' ' ''•^u v^y;,../; ' ""^"^^^^Xi^^^^ 



. . . .. . RECENT. EXPERIENCE WIT^,^ 

■ : • Many Iarge.;§t ale buildtr^^ in private Indus try and g<j\ferninent . 

. - V est^lished €m'6r^ncy..procedi^^ energy reduction diking; |^eo^^^^ 

/ ^ . ' and inoi:^.e recently diiring natural gas shortages. When top mariag^epo^ent^.hk^ 
\' ; continued to enapji^si^een^ejg^ emergency^i?iti?tsiH'^s stili.^.^.^^^ 

, . . produce: good, resultsi^^ {requently witTti savings of from 10^:to 30%^in 
. 'V^.v fcoMuiiip^^^ . SeXfei^ai^lQQ^ have'i e^axed 

•i' V -i:-^ energy cqnservatjon.ahd ^ire experiiip^ greatet' fuel; • 

. In seeking to .assess the; status of loii^ r etrofit efforts - ; . 

within state and local; gov el*^ v . 

s^Sieyal projects, including activities of the 27-rcity Urban Technology Syst^ . 
ranii^ ha^^^ numerous, leads to jiu:isdictions interested Iti energy conser-\ 

Vaition. V^^liile the results- w^^ 
that they-^^^.k^^^ 

■ V " Enei^y ' i^^^^^^ as a natl&nal ^ ' • ; 

significant :ann^ , 
; ^Kv!: considering; retrofit.' Manyi hiave created either formal v 

^/■y'^^ .' ^ ^^'^ i^^^^ energy committees. Seyferal h energy consumption 

. atudies and have conducj^d Retailed, engineering ^3 Relatively few 

have 5^et .reached the point of iniplementatlon. ^.'Energy sayings prqj ections 
/ which have been Id appear to be consis- _ : 

; ■ vt^ntly'-promlsing*/"^;^^ ^ >*V /■■■'^•■V'''"' •■^'^ . .. \ ' 

> The ^r^trbfit efforts ijJ^ntifie^-j3y iPTI generally apfiear to have followed 

v/rr-jj'.y:. the phasied , approach dlscu5s'(^^^ in this ntianual. Most jurisdictions haVe . 

focused initially on^ of their most enep^^y ihrfficient buildings and have * 
. sought payback^perlods.. of ]t)etween onet and'^leven years. Buildings being ^ 
-Cphsld^red for retrofit;^ 
. I .. V jr -^iespecj^ ha's not yet been occupied. 

single jiiri^ditdtioha^ the 
v : ; equipfhent ivas due for ^ 

''V'-m-^^^^^ ■ ■ • v' ' . ■■ ' ^ ■; 
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Several jurisdictions have proceeded dtrectly from thfe energy consump- 
tion study to implementation without first conducting a thorough engineering 
survey of a wide rangife^f. potential conservation approaches. These juris- 
dictions, it'appears, '^ilt^ave energy. Based on its exp,exnence, howeY.er, 
PTI believes that it may be unwise to b^ass the engineering and architectural 
analysis as this may leid to. sub-optiipal results. * 

Cases of retrofit identified by Public Technolo^^^ show mucii^'i^v: ' 
; variation. Acceptable payback period, percent energy sayings and ^qiancial 
'commitment to retrofit are the three mb'fiit significant variables. .Figure 15 
.•,is intended to illustrate this Mtuation.' Each retrofit case for which' data 
vtJbiiid be obtqiih^d is shown on' the graph for two ciiaracteristice: t)ercent of 
' eiiergy cost savings (estimated or actual) and cost of implementatlbn per , 
squarei foot in dollars (estimated or actual)i Figure 16 supports this graph 
With tabular data. Overall, the examples range from very low cost and 
quick payback efforts to projects with costs of $0. 90* per square foot and - 
energy cost savings of eighty percent., • * - 
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13 School • 

14 School 
! 15 School 
.16 School 

School 
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'19 School . 
20 School 
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22 Educational Center 
23;, Community OblfeQe 
24*' Community College 
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26 library 
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Figure 16 

Sayings Versus ftiatrof It Costs 
for Recent Projects (Tabulation) 



Figure 15 tends to confirm the estimates. of energy savings versus , 
retrofit costs provided earlier. First, for low cost retrofit (below $0, 15 
per square foot) numerous jurisdictions have received significant savings 
of from one percent to slightly under 25 percent in energy costs. Greater 
expenditures appear to have provided greater energy savin'gs, . 



Retrofit efforts with higher capital expenditure — between $0, 30 and 
$0, 90 per square foot-^gene rally yield considerably^ larger^ energy savings 
thgh do low cost eftprts. Here the savings range from eight percent to 
nearly 80 percent,. Most cases appear to fall between 15 percent and 40 
percent in energy: post savings, . * 

Two points of clarification are necessary for the data gontained in 
Figures 15 and 16, First, the costs for engineering .analysis are not included 
in the implementation costs cited. Second, several o'f the facilities achieved 
additional eneifgy savings beyond those; indicated from low-cost energy 
conservation alternatives implemented tbefo re the retrofit program began.. 



Some Examples of Successful Retrofit' , ' * . * ' 

■ ' . a ' ' . ■ • • " " • 

Commonwealth of ]Vta33g.chu3etts. . The Commonwealth of Massachusetts 
owns and operates more than 4, 000 buildings statewide, vBetween 1971 and 
1975 energy ratiBS nearly tripled making energy conservation most important. 

In April 1975 the Commonwealth began to develop an energy conservation 
program and workable strategies for achieving near term energy savings in 
state buildings, A phased program was developed and tested. ^ 

/Qn^ hundred and twenty one buildings on 21 sites were selected as a 
cross section of functions and 'locations. Comparisons of data in Phase I, 
the Energy Consumption Study identified candtdates^for phase II, Analysis 
and Phase III, Implementation in this study. - X 



. Fuel cost savings identifie**- 19, 3%.^r $105, 047 
. Electrify cost savings identified - 37. 1% or $173, 632 
Overall dollar savings - 27:3% or,^278, 679 * 



. Greenfield Gommimity College Complex 

Electricity savings identified - $69, 1'34/yr. or ^2% 

Implementation cost (estO ^ $108, 299 (payback of 1.. 6 yrs. ) 

Bunker Hill Gommunity College Complex \^ 

Fossil fuel savingfiTidentified - oil cost reduction = $33, 330/yr, ^ 
or 47% in equivarait oil consumption 

" "V ' ■ ' . ' ■ . ■■ . .■ ■ ' 

Electricity savings identified - $34, 904/yr, 

... ■ ■ . ■ , —: 

Implementation cost = $90, 564 (payback 1; 3 yria, ) 
Worcester' State Hospital Complex / 

Fossil fuel cost savings identified - 011'= $7i, 717/yr- or 15; 5% 

. * Electricity cost savings identified - $69r594/yr. or 62, 7% 

(Savings primarily from rehabilitation of turbo generator system) 

■ . . ' .* ■ ■ y .-i ' ■ - 

Overall payback 1= 3,0 years * . . 

(Without power generation, oil savijigs fs 20, 4% and electricity 
reduction is 2, 79?)): ' . 

*• • . ' . • • ■ ■** V • V ■ ■ ■ ■ "'i . 

** ■ ■ . . ' ■ ■ ' 

From the Energy Consumption Study of Commonwealth buildings, 
significant number emerged as Candidas for Phase II and III work. The ♦ 
study indicated that practical application of the. phased process to remaining 
state buildings has potential for additional savings. 

West Hartford, Connecticut, T]^e town of West Hartford, Connecticut, 
owns,- operates and maintains approximately 25 major administrative and ; 
school buildings. From 1973 to 1975 the energy costs increased 92% while 
low cost conservation measures reduced consumption by 29%, Petroleum 
fuels generate about 70% of the BTU' s consumed by the town and public 
buildings accoiint for about 70% of the energy budget, • ^ 

To determine the impact of current technical conservation measures 
on its ener^ consuniption, the. town formed a Citizens Energy Committee 
to coordinate its phased energy program and report to the Town Council, ' 
An Energy Consumption Study (Phase I) ^yas perfdmed for 21 buildings, 

. ^ . -. ' . ' • ' . ^ ' • ■ . ' ■ * 



West Hartford decided to place miajor emphasis on mechanical sysiems 
as opposed to structural modifications, as there seemed to be lower cost^ 
modifications available in this area. The ten buildings with_the_liighest cost-~ 
. savings ratios were selected for Phase II and III work. t 




Impact (Using 1974 base year for posts) 
Heating oil sayings identified - $82, 649/year 

Electricity savings identified - $7, 886/year (savings ^ ^ 

primarily from building modifications) 

•' . * • • ■ • ■ '. * '" ' ' ' 

Cost of program and implementatioh of modifications - ^ 
$224,011 /'^ 

Overall payback^ 2. 5 years (from energy savings) 
(Expected completion of -rjijplementation - March 1977; 
comprehensive monitoring for one (1) year) 

Follow-up Because the conservation program was successful, 
the town has determined to initiate retrofit- in several other 
facilities. ■ / 



. Suffolk County, New York , commissioned a study of six county, buildingi 
to identify low~cogt energy saving measures with short payback periods. The 
study found that fuel consuinption in the six buildings <l6uld be reduced by . 
47% through such measure/as: rehabilitating existing time clocks iand controls 
installing new controls to provide automatid^shut-down of heating, .ventilating 
and air conditioning. (HV AC) systems; reducing the hours .and level of operation 
of HVAC systems; and lowering lightings levels. The cost of implementation ' 
was $47,8.0a, with an estimated savings of $57,025 a year, amounting to a 
payback tii^e of 10 months. 



*■ . ' ■ ■ ■ . 

. The case study examples for Suffolk County, New York; Nassau County, 

New York;. MecklenWg County, North Carolina; Los Angeles County, 
Galiiornia; and'Lake Charles, Louisiana, were reprinted from: A Guide to 
Reducing . ,\ Ene.reiy Use Budget Costs . Prepared by the Energy Projects 

tjie Nationa-rAssociation of Counties, the National* League of Cities, and 
the U. S.. ^Conference of Mayors. 



Mecklenburg County, North Carolina , has initiated a vigorouSftenergy 
conservation pro grain in county buildings. After conducting an energy audit, 
the Engineering Departnient suggested a number of energy coneervation 
measures, computing their cost, their energy saving potential and the esti- 
mated payback time. The Engineering Department identified 37 no-cost 
changes sxxd 36 measures involving a cdnibined total cost of about $50, 806, 
-T-he-estimated-cost-saving-duri'ng the fir^t year w.as $50, 7/30, 

Lake Charles, Louisiana, worked yW^th the Lake C 
Urban Observatory, Inc. to identify oppdtiunitiei^; for rel^iiiin^ -.^v 
goVernment^s energy consumption. Among the findingsl||| tli^ 

study^-'were: ■ ' ■ \ ■ 

. . ■ ' ; V •■' . ■'■ ■''r^y • .'.^- v^:^- r^'V'-;^ 

' '■ ■ ' ' ' :' ciiy->f(^:: ' 

The City could achieve a 17, 5% reduction in fuel Used , ' -' l^-'^iP^-^,] 
for cooling by reducing air conditioning by 1^/2 
hours'.daily in an 8-hour dS,y 

The city could save 20% of the^ergy being used to heat 
water in one municipal building by heating incoming 60 F 
water to a tap temperature of 130 F instead of 150 F 

The city could effect a 5% electricity saying for each 
' degi^ee the thermostat is set back in winter and a 3% 
saving for each degree set up in summer 

Nassau County, New York, established a cbimty-wide building energy 
audit.- By correcting conditions uncovered by the audit (primarily unnecessary 
lighting) tbe^ county^ reduced energy use by 23%, sa(q5£$l, 5 million, 

i I .Los Angeles County, California, estimates that the computerized 
buildiiig management systeni installed iq^ its coimty pourthouse Ms J^itself 
reduced energy consumption 25%, By combining the computers with time 
clocks, the county has reduced energy use by more than 50%, 

Sioux City, Iowa, inspected six* municipal buildings on a central system 
and initiated actual energy conservation efforts on three of them (Auditprium, 
GSjt^j Hall; Municipal Buildipg)>. The low cost modifications implemented were 
installation of steam traps, theMnostats; and other control devices to reduce 
energy use, _ ^ . . ' 



Auditoriurii - $12, 000 spent, savings $1, 500/yr. (76) = 
30%, paybabk"e^^^^ .• 



City Hall - $1, 200. spent, 'savings $700/yr. = 5%, 
^ payback 1. 7 years 

' Municipal Building - $800 ;spent, savings $800/yr. , 
payback 1 year ' 

Further study of cost-effective measures is ui^derway, 

St. Petersburg, Florida, proposed energy 'conservation measur^^kip^ 
its City Hall. Insulation, solar film for windows, and mechanical systfentV; ;> 
(HVAC) operating periods were involved. Provision was made fo cojbipidii^iat^^' 
24 hour operations in part of the building with a separate HVAC systeftii'v;'^^^ 

': . Implementation- = 4 months (not including engi^e|^pdn|;: co&ts :;;V>';''^^^ 
of $11, 65f ;and $3jOp to test and balance e^^^pting! System . ' ^ . ; ♦ ^ -^^ -{^ 

Initial co^ 0 24 houV ; ,;^ / " y;\ 

operationf^'..;; ■.-.V-''^" ..'"^ / ,v- •^\/^v^;V>'v 

Savings based on 1975- $16, SOO/yr^ = 30% (electricity costy :'-- '^ ; 

Payback 2 years (n^ar 3 years if engineering and testing, cokts^ ; ;^ : ,^\*;: 
■added) ' ' ^ ■ ^ ^ ■ '- ''^^ 

• Pueblo, Colorado, initiated a pr<5gram for consieryition pt^^^^^^^ 
(natural gas and coal produced). , LigH^ip^ l^vjels at \yorK^^ 
Surveyed and general levels were reduceci for, 15 public bullding^V ; Vo^^ 
city departmental cooperation and periocjic meetings ;on effo!rts abidvi^^^^ 
have highlighted this on-going pro gramrT* Nto heavy ie^e^ , ; 

made. ^: I- -i- ^ -:;V...^v:.- 



Program im operation one year 

Savings - Electricity 17. 6% a ye 
for degree dayia) 24. 9% \ 

Payback - none required 




utilizing the fapilitles of Texas A&M University, Pueblo is cond uctin g a _ 
comyrehensive energy survey and analysis of the City Hall. A computer 
simulation for modification options and benefits will be run. 

. Kettering, Ohio , completed a comprehensive retrofit evaluation and 
modification: program after its natural gas crisis began in 1972. Fifteen 
city buildings were surveyed, all in-p|lace systems \yere adalyz^vand 
potential retrofit modifications were vfrtue=^engineered/'"RecoYe^^^^^^ 
energy was rpiade a primary concern.^ . '* 



Program has been in effect since 1973' 
•OJlmplejnentation costs = $83,-0,00 
.i^atural gas cost savings = 30% for 1976 or $50, 000 
■Pajrb^ica = 1. 6 years■^^^■^;.:^>■:^^^^'^^^ 

energy budget in public buildings = 50% 



^ . > Vg'ji8a(tena C alif o mia , has designated an active energy coordinator in 

: . "^^^ P^*^ department to audit lighting, appliance and natural gas use, by 

•^^ V^:^ y curtailing use of appliances has netted 20% to 25% 

y-r^^'i^'MC^^ savings (electricity, ^fueV^ 



: : ^v'; ■ • .^:^ff^^ - cost savings 

^.^ V'^Mi^ v-V - 40% = $1, 40Q/yr. 



, ^ ^^^i'- - Wjp^i^c^ no -cost modifications have reduced enfergy 

•pons^ and other public buildings. Worcester 

=^|^ks delam the heat to earn an FE A Award for City Hall 
v^^^n^^^^^ without going to an active retrofit 



%;^t)r6gram;S;%'"' y^y^^ ■ ■ 
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City Hall e^e^gy savings,tr- 30% electricity (FIeA Award) 



■ ■ . • . 

High Point, "N&l^h Carolina, in g^g effort to reduce energy cjODSumpti<)D 

at Cij^! Hall, the city embarked upon a^.i>rogram oflighting cut-back^^^;]^^^ 

off.HV'Ac system fans and compressors at night, and weather strippijag 

windows, Tinie clocks werje put on fans and dom0firttx^|ipt water >yas 

eliminated entirely. Ventilation >yas reduced. ' ' 



o ■: 



ImpLementatLon^ _3_mo nths:_ 



Implementation costs = several hundred dollars;?^'; ' 

Energy ^savings = 30-35% year round with b^^t . 
savings i^ spring and fall > " 



Akron, Ohio , the natural gas shortage and the rapid rise in cost of 
natural gas and electricity h^l^ye motiyat^S .C to foc us o n 

reducing heatii^ and cooling in City biuUdings. model 

-pf heating-;and cooling systems fpjp oiie^^^^^ a computer 

'stmul^ti6n:.^^t^^ for gas atti^^ with an . 

acdufiEU6y-.9^ arid 91.'5%^;r^^ctively. ^ -v : 



Potential annual natural gas 'sk^^ings = 36. 3% 
Potential annual electricity siavings == 40% 



V 



. Albuqu^ : ^e, New Mexico, In an effort to improve the present and 
future performance of its Main Library Building, identified modifications 
to its lighting %§t em, operational changes for its mechanical systems and 
^installation of an energy management system. ' . 



Potential annual electricity cost savings = 29% 



For Albuquerque's Erna Fergusen Library, a change in the billing status 
with the electrical utility, and operational changes for the HVAC system 
have been identified. 



Air ('"^ ■ J * 'V 

Potential energy cost savings = 11. 5% 



Problems in Rietrofit 



As shown in the case studies, retrofit of public buildings for energy 
conservation works. It has consistently produced significant energy con- 
sumption savings with rapid paybapk and continuingf annual savings. A 
♦retrofit activity, however, will run into prpblema.wtlth a fair share of head- 
aches, and nfiu^^be followed closely by rhanageniQt^^^ 

The following par^jr^ph^; are ie'xcMi^^^ progfc^ss report on_one i 

city'efeffort to retrofit 9J^i&ral^^ofa ; They illustr^jte quite well 

vtiie^ of problenis wbif^^iji^^ It may be.^otigd that the /'\ 

i^cpmment^ follow wfet^^-m^^ife^^ Manager ojf ohB of the most ^ ; 

;^ffective local gj^^yernmeiit'tiBti^ conducted,' one which. : \ 

Valready has experienced majpr energy sa^^^ The comments were,' written 
late on a Friday ^ternoon. /^ . '^^v^ 'S . 

. steam System. After: the first phase of^ work on the steafia system was 

cpmpletedv- the system ;wae* found to be functioning improperly/ New :,s^ 
were draWft'up; and added to the original contract, touncil failed' to approve ; 
the e3rtension at the first and second meetings and the issue was tabled. It 
was finally approved later, but resulted in a loss of approximately three 
weeks of schedule. The system is ^ow functioning pixiperly; 'All offices now . 
are able to control their own heat. / A small amount of steam:is still blowing 
down but it is in the process of being tra.ced. . ' 

A word of advice. Modifications to old systems can be the basis for . 
losing some sleep. Proceed witfi^caution^-what might seem' obvious and - 
logical — sometimeS'is not. 

'• ■ ■ * ■ ■ ' ■ ' ' . ■ 

. Light Controller. The automatic light controller equipment was finally 
installed in the shop facility. Prior to installation, . elapsed time meters were 
connected to the circuits to determine their use patterii. During this 
period it was ascertained that the lights* were left on 24 hours per day, seven 
(7) days per week. The controller was activated and in the first 17 days 
of operation'the lights have been usedj^ronlyl^ .Projected over 

the year the savings will be $3, OOa for thip building. The cdntroller cost 
only ,$636. The most rewarding part of this pro|eGt is 
the lights. ; ' ' : / ■ 1;; 
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Aut^atic Door Closer. After much harrftssment, pulling, yelliilg, etc, ' 
the aii^matic door closer supplier finally delivered the required materials 
at th^ lend of January, The initial purchase order had been submitted in 
September. The first door was madified with help from our contractor. Shop.- 
personnel are^till not convinced it's a good idea, but they are learning tp v; • 
live with it.' Progress is slovy^x:jfor subsec[uent: installations. City per sonix^l 
are pblj/gated by the contract-ip; install the equipment on more than 20 other ; 
dpioray^^^ won't be able to evikluate the etjifli^ • 

j^OdQw Weather Stripfeifig and.Area |^eduction, The^modification^;'!^ 
'*''h»e'en:q6m^^^^ apd the reatcl^pn now iS that the building is jtx)o; wari^^^ . 
year the ^qcciip^^ sweaters and coats! to boinbat^th^e ijifii 

This y6ar, even with temperature extremes 4hey normal att^^^^ shd'rt sleeves. 
The thermostats and coitrbl.valves in this building ar^^ in^ ! * 

results in the overheating c6iiciition, r 14^ 

' ■ ■ • .• ••••r ■'■ ' ■ ■ ■ • ■ ' ■ ■ ' ■ ■ • • •" 

Delamging. We tried going around during the day pillling oufiumecessary 
lights. The protest was m^elievable. Finally, we gave up and instead pulled 
out the llgi^ts after eveiyoaie! had gone home. I§p far, 4 Kave'^had oijily one 
complaini. ' Most people still do not appefLr tp have Noticed that anythirxg has . 
■•changed. * . ■ ■ ^' 
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■ ;r'- '■Jir-.'- APPENDIX 1^;, . ^-^ ■ ■■' X 

: V - Dbn^t. Neglect the ^Qmick-^lx^ . v > 

. By now most govetmnerit jiif^ steps : 

toward energy conservation In existing iuil^ -FigurQi;^^^ afet: of 

steps suggested by the^ Federal Energy MdiAin^ 
energy savings in existing bliildings wi]^^ 
G^ei^l Ser Vic es Adminls tra tion whlc h' Pperat^^^ mo r e thah 1 0, 000 buildings 
has used steps such as these over a two--y0ar peridd^^t^^ 30% of annual ; ' 

fnergy Use in ifc3 existing bugdiiigsV^^ 
liildin^ owners in the private sectot* and st^te:i^ 
achieved comparable results, 1; ^ i ■ V" , ;/ 

* ^ Many check lists are^vail^^ high-return 
conservation options, Sevetol of these^re> ref^ 

The most comprehensive andfemlytic of the doc^^ PTI was • 

ptod^ced for the Federal EnieJi^ Admiiiistratiio 

Etiergy in Existing Structures; Bulidihg Owners ;and^Qperatbra^^^^M^ 

provides not only very detailed checklists of quick^flx l^easV to^^ 

why and how of each. Importantly/ iEC Ml provide^ cl^ 

dures for estimating how much eneirgjr*each ide^ caLn^^ 

how much (if anything) it will cost to make thteV change; Ihis -docuriient is * ' 
highly recommended and Is available ais indicated in the bibliogr^^ 

* Another, naanual emphasizing low-cost conservation options has been 
developed by the Conimonwealth of Massachusetts to assist local governments 
In that state to achieve energy conservation, ' The book. Energy Management 
in Municipal Buildings includes a check list of low-cost i;etrofit options and 
guidance on performing a \ya'lk-through building survey. Several case studies 
are; included. The manual is available as described in the bibliography. 




, y J'igure 17 > ^; 

TEN" STEPS- FQB-IMM TE JENERG Y SAVINGS 



1^; Walk A your .building.r Are. there areas that are 'unoccupied, or 
: \^ wHchTc^^ ? :^If so, : 

turn off air ccJndittphing, Ugh ts, ventilation* and heating (wKere fr^ ' 
13 not a hazard) permanently. Isolate thesis areas from other spaces by^ 
doors, walls, or other means. If 10% or 15% of the building can be , 
\ yacaMf energy savings will follow^lmost iji the same pr 

■2 Repair broken vdndow^ and leaking pipes or duGtiS; cl^^^ radiators, 
* , light bulbs and fLs;tures; caulk leaks* around do(frs, windows, )fcouv^rs atad 
- tipenings. In , many cases 5% to 15% energy sa^ngs are .possible, egpe- 
clally in cold climates where iiifiltra of cold air increases the heating 
load^tnd causes your heating system to operate longer hou^ : ^ 

%. Shut off lightST^hfere not heeded. Post colored si^s alongside the a^ltch * ^ ^ . 
to remind the oaJp^Upants to do so. • / 

4 Lower thermofitatk to. 68^F^i during the heating season, > / r 

and even lower in lbs s critical area§. Low^er the relative Jiumidii^ set-:,- 

. tii^S;io- 20% in the^^.>^^ 

• summer if your buUd^ 
, * ; fe^ at W'ghtV'weekencte^ . Savings of 6% to:l5% in . 

■ . ^ eniefgy .cknb^ - ' ; 

V' '/^ ^^y-.-" -J/i^^I-t: " ■ . -■. . 

V >,^:^^ B arid shut pif aU ventilatib^^ i 

; rv' ; when th6 builcUhg is auibcqUpled*:^^^ must be heated or ■■' ^ 

* cooled often accbuht^ f^ as niu^h a^^ used In mahy / * \ A 

: ^ buildih^s;>^ M^ saved by -high^^ : ■ ; v ^ 

^ slriqe there ai^ / > V .. 



6 V^^ifave your'p^^^ qh^ked. dl^sari s scale; v - 

^^Ar « ii^- ^i:iL^^u^^. ■ V ^jji^jfj. and comlnistiQii^^^ heaiing.biU.can be;>> ■ 



. > ^a^^ draft am 

to 15!^'iri many ^buildings; the col^ thie 



f r jl.epl^^^^ giving inbre lufeens per-^^ 

, ,,x' feihovfe.H^^^ 

" in tile buildjfii^^^ Mduce lighting ' 






Eic.ielJt;l6h where termi^^ installed, >3 
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levels in less Critical kreas by removing lamps and discofnectingvballasts 
^ In schools, office buildings, and retail stores, lighting often 'atcounts for 
. up of all en,ergy used and the heat from^the* lights a4 so forms a 

major part of the air conditioning load.. The energy ,u^ed for lighting can 

.1)6 reduced by up to 20% to 40% in-many buildings. " ; 

' ■ ' ■ . ■ ' • , * . *■ 

'8 Clean your' windows to let in more natural light. You may find thiirt doing 
so will permit turning off some of the electric lights near the windows. 

9 'Set the aquas tat lower on your water heater to save energy. In schools, 
hospitals and housing, domestic hot water often uses from 25%, to 40% of 
the amount of energy required for space heating even in cold climates. / 

10 There are dozens of other energy conservation opportunities available ' 
with little, if ^ny capital costs required (often labpr onrS;r), depending upon 
the building orientation, number of windows; the roof and wall materials; 
the building location and use; and the characteristics of the heating, 
lighting and air conditioning system's. ' V 



SOURCE: Guictelines for Saving Entrgy in Existing Biuldings; BuUding Owners 
and Operat ors ManualWECMl). Federal Energy Administration, 
June 1975. 



r 



. /■ 



APPENDIX II* 



Energy Consmnption Study Data Requifementg: Method #2 



■0 



ime first step in establishing retrofit priorities j^'^to coUeQt ba^ic. 
energy c|)nsumption data for all buildings^operated b/ the' jurisdiction. This 
-_,data is then compared for buildings of similar tj^e (sGhool^^ ^fficeg, ^ara-ges^ 
fire staUoite, etcjf,). One comnionly Use^Binethod oSco^nparisbn is fo>convert 
all energy , cbns^nlption data to an IMteTU (thousand British Theri^l Unit) per ^ 
squajre foojtper year figure. The resulting number, is caUed'ttie' Energj^ 
UtiUzation^ft4e^ (EUI), ^alternatively the Annual Efficiency Index * 
TMs index provides a first appro^matiton of relative energy use for a grdj^ of 
|]buildings irrespective.of the they use.' Higher EUI ^res mean highe*' ^ 
relative energy consuiii^ion. One note of cautionV spec^l factor's such as 
climate and diff jpring^ use patterns, foy example, lAore hours oi QCjcupanci& 
may give an energy effffcient bugging a higher EUI figure than a lessi^sed and ^ 
less energy efficient buildingr' ' ^ f ^ * 

' . ^ T . ■ ■ 

Figure IS.providQs a data collection form which may be used fprthe 
energy consumption survey. One form is completed for'each buiUHng. A ^ 
Remiarks and Comments section is provided on the form for use durfng a wftik ^ 
through survey or- to note any special considerations or CQnditions thaiftmay 
affect the evaluation of the building. Figure 19 .lists ^ en^S&:gy conversion 
factors 'needed to convert fuel amounts intd'MBTU'*^. \ 



The following is an explanation of the entries on the Building' Energy 
Consumption Survey, Figure 1 8. They are listed in the order lof their 
completion. ^ . \ ' f '-^ 

' . " . ■ ' ' • i n 

Building ; Prepare the form for each building and identiify the building 
' Jby name. 



4^ 



Use Type ; Identify |he general function of the building, for example: 
school, fire station, garage, office, "etc. , 

Expected Repiaining Life t « State the approximate number of years during 
which the jurisdiction will continue to use the building. Obtain data J.. 
from the Jurisdiction's capital development plan. 
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/Year ; Twelve month period for^whlch data has been collected. Include 
the first and last months of the data collection period. 

Annual fieating/Coollng Degree Days ; Obtain data from weather bureau. 
Heajdng and cQoling degree days are the differences between 65^ F arid. 
thQ:outdoor meau- daily temperature added for each dly . oif the year. 



. Gtoss Area ; Obtain square foot data from buildirig plans or from 
measurement. Use inside wall-to-wall dimensions. 

Heated Area ; Include the square feet of 9pace normally heated during^ 
thQ; winter. Subtract any unheated spaces, such as storage rooms, .> 
from gross square feet to arrive at this figui^e. , [ " » 

Cooled Area ; Floor area, in square feet, only of thoge spaces whlcfi' 
are air conditioned. Subtract area of spaces not air conditipned from 
gross square feet to arrive at thjs figure. • . ♦ 

Noripal Winter Thermostat ; Identify thermostat setting (in degr^eqs s, • 
Fahrenheit) or average temperature maintained for winter operation 
during jthe. year for which data was obtairied. . , 

.Normal Sumi^er Thermostat ; Identify thermostat setting (in degrees 
Fahirenheit) for air ccgjlditioned areas. If unit is not controlled by a 
thermostat, Wt*ite' -^inaniJal. " * * - . ^ . 

Operating Hours; Indicate the hours of use fdr the building on a daily 

basis. ■ . ^ ^ ' . > 

Operating Days ; Write thi? number o^days per \^eek the building is in 
U9e and numbert: of daj^s thfe building Is used' during a year. 4 

" . . - : ■■ ^' ■ ■ . ■ ,.* ' ..' ■ • 

■ ^ ^ ■ ■> . , • ■ • • ■ 

%reet Address ; Self explanatory. * . 

Electricity ; From pre^ous electrical bills meter reaSings indicate 
the tbtal^ kilowatt hours of electrical energy consumed during the suiwdy 
year. F^*MBTJJ*s of electrical energy use the convftrsipn fkctor ;}h 
ilgur9 19. Also indicate cost of^electrici^ for the year, obtained;^ f 
^rom billing records. / ♦ : ^ 

Gag ; obtain vplume of gas consumption in IVICF (thousand cubic feet), 
an^annyal gas charges- from utility bills. Use Figure 19 to otitain* 
^annual MBTU^s of gas energy. * v 



Oil: Sum ^llons of oil use by grade of oil, (e, g, #2 oil, #4 oil). Note 
that different grades of oil have varying ener^* contents (!Figure 19), 

Steam ; Enter total. consumption of purchased- steam in thousands. (M) 
of pounds as shown on utility bills, Obta:in energy content from Figure 

19. ,■• - •■ ' - ■. 

Coal ; From previotis bills indicate the amount (in short-tons) and cost 
for coal.usie; Energy dontent for coal is included in Figure 19, 

Total; Sum MBTU/YR values for each fuel used. Sujn costs in dollars 
for each fuel. 

Annual Energy Cost per Square Feet ; Divide annual energy costs 
obtained above by the scjuare footage of heated or cooled space. 

Energy 'Utilization Index ; Divide the total energy consumption forjill 
forms of energy (in MBTU's) by the square footage of heated or cooled 
space. - 




- 65 - 



» , 



■ 70 













IS 














i'-rhV^ ^TiHf-iilO ■ ■ : *:v^ i^. 







I.. 



Building ' • . ' 
Use Typ e 

Heated/Copied Spadei 



Annual Energy Cost Per Sq. Ft. 

Expected Remaining Life 

Energy UtiiizatlQn Index 



.Sq.Ft. • 
.$/Yr, 
Years 

.MBTU/Sq, Ft./Yr. 



Year " v ^ 

Annual Heating Degree Days 
Annual Cooling Degree Days 



(From. 



to. 



Gross Area. 



Sq. Ft. 



Normal WihterThermostat Setting 

Normal Summer Thermostat Setting . 

Operating Hours Hnnra/nay 
Operating Days Days /Week 

Street Address ' ■ . ° • ^ /' --'^ ' 



'F Heated Area. 
'F Cooled Area! 



Sq. Ft. 
Sq. Ft. 



Days /Year 



Electricity 
Gas 

on 

Steam 
Coal 

TOTAL 



.KWH/Yr. 
.MCF 
Gal. 
.Mlbs 
. Short tons 



MBTU/Yr. 
. MBTU/Yr. 
MBTU/Yr. 
MBTU/Yr. 
MBTU/Yr. 

MBTU/Yr. 



.$/Yr. 
.$/Yr. 
.$/Yr. 
.$/Yr. 
.$/Yr. 

.$/Yr. 



Figure 18 

Building Energy Consumption Survey 

t ' '■ . - ' ■ ■ 



ENERGY CONVERSION FACTORS (MBTU) 




Electricity 
#2 Oil 
#40il 
#5 Oil 
#6 Oil 

Natural Gas 

Steam 

Coal 



KWH 

.Gallons 
.Gallons 
.Gallons 
.Gallons 



MCF (thousand cubicfeet) ^, x 1Q31 



. Pounds X 1000 
.Short tons 



X 3.41 = 

X 139.0 = 

X 150.0 = 

X 152.0 = 

X 153.0 = 



X 900 = 
x2e,000 = 



Figure id 

Energy Conversion Factors (MBTUV 

Sources: Energy Management In Mj^jmclpal Buildings, 
Massachusetts Department of Community 
Affairs • ' 

Energy Conscious Redesign of Existing V 
By/W/npSj AIA Research Corporation 
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■Appendix m 



i ^ .i FRA/, tehod fei^ Eri^ipgiy Cb Study; • Method #3 



\ ^ * '&:,p^du6!Ib Lianagez^ Pi^i^rainv the Federal 

: , . .'^ ; I^nergy Af^ini^^^^ consiuription • v 

' . stwdleias disi^us^^ 
' :^ quickly identW^i^^ witiiB^payof^J^;^^^^^^ >^^^ * 

• ,M ;; : Climatic pha^^^^^^ r 
> ' ■ Specific retrofit pppprt 

• ^ Th^re are nuinerkfe i^^^ 
uildlhfe retrofit, projecti^l^t; WjlU^ 

those manuals v^^^^^^ ^ 

cattpns»_ .13^^ fclbuiW'ci^ this Succe's? ' 

by relating .^e.appr^ Sp^clila ener^ 

that be_ea&lly|pB6i]^tlfte'd^ to^^ ; 'y^f./:^' , J' / ' 

The m^bd 6^ ^ a Ml-^c^e e%lneeiMng 

survey. Ho^|^6r:^-,checldi . 
based on th^Petien^^^^ bt^rs aife'svibsti^^^^ 

anaJbrs^I^Mll^L'^^ eifortl; The 

method|t ^^^^l^i^^ioannot prxiVldj^ t^i^ pSri^^d^^^^ 

^^|ts pt^|J|jjj^lylto:W ' 



It Is not 

and Pl:?vi|^j^pp|tte m|^l?f^iheir ;rel^^ 
. .: plamil|g; notlP^ deBlgiia;6f|i^^^^^ 

Moi^^l^; FEAi* s 'need for results within a ;$-Tni6ht^^^ ^^^-j i i.A * 

the-j^^^p^l method b(B streamlined 

^ ■ ^ ; ■.j^^re4re-.ib»0^|?s-:^ ":. ^''^ t ^ 

:?^te2_l r CoUecfiLn^^ data 
necessary to dEd^aite'ijdst 'say provides 
an overall sense ^priority 

account for the largest part 6^ rfapeiye greatest 

emphasis. In planning Tetroht projiect^^^^ 
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Step 2 - Categorizing Buildings - In this step, all of the buildings at a 
facility are ranked in terms of size, and thus by their probable energy ' 
use; buildings are categorized into types; and the climate zone that 
corresponds to a facility's location is identified/ 

Step 3 - Identifying Retrofit Options - In this step, reference tables " 
link appropriate candidate retrofit optl ops wi th specific energy systems 
as a function of building type and the climate zone in which the building 
is located. In addition, retrofit projects already planned can be easily 
incorporated. / ' ' * 

Step 4 - Evaluation and Ranking Retrofit Projects - In this step the 
energy cost and cost savings of individual retrofit projects are calcu- 
lated, alo!!!j^*wlt^ investment costs. The options are 
then ranked in/terms of the time it would take for them to pay back 
their Investment cost. 



. For each task, either a sample table, referencied tables, or worksheet] 
• ip provided. When completed, these materials can be combined to provide 
'"^ "^ repprts on retrofit options for individual: buildings and for the entire group of 
^ buildings that make up a feciUty.^^^^v ^ 

/ ' The following example on roof ^insulation illustrates. Tiow the FEA audit ' 
- procedure works: /> - ^l: ^ ^ 

A ; EXAMPLE: INSTALL ROOF INSULA TlOiST 5 -^- 

'■"■./ • • ■ ' . ■ ' ,. ■ " 

If the building is three stories or less, the instaUatipn of r^^^ 
. >' tlon can save energy. If no lnsulation.^stsj^ then it is jKDSSible to sav6 10 
■ • / percent of the energy used for hea^ng by installing six inchies (or eqiilvalent) 
. ; of insulation. 

Preliminary Data Collection - Measxire the 
. that does not have insulation., To find the potential energy sayings, the 
amount of BTU^s used for heating must be known. If separate fuel bills 
are avajtlable for the building, and if the fuel source for; heating is fuel 
. . oil, the BTU use for heating is represented'teedtly by the fuel bilis> " 
' . If gas is iised as the fuel for heatings 80 percent of th^ total bi^^^ 

used as the estimatie of the amount of lieating* If thje buildings are' 
heated with electricity, or if bills are not available for individual 
buildings^ an engineering estimate is needed to provide inpiiits of 
^sufficient accuracy to estimate the potential of tU 



. Energy Savings (BTU^s/year) - .1 x number of BTU's used for Jieating. 

Energy Cost Sayings/year - Energy savings x^^ . • 

Capital Cost ($) - As an estimate, insjilatipn probably will not exceed 
$3. 00 per square foot of roof area. / 

Three manuals can be obtained by jurisdictions interested in the FEA 
auditing procedures: * _ 



Identifying Retrofit Projects for Federal Buildings, Federal^ Energy . 
Administration, July 1»976. 

Energy Conservation; Guidelines for Saving Energy in Existing" 
Buildings; Building Owners and Operators ManulaL (EC Ml) , 
Conservation Paper No. 20, Federal Energy Administration, Office of 
Energy C 9ns ervation and Environment, June 16, 1975. 

Energy Cons ei;vatiori; Guidelines for Saving Energy in Existing 
Buildings: Engineers, Architects and Operatqrg Manual (ECM2) 
Qonservation P^iper 1^6. 21, Federal Ene'rgy Administration, Office of 
Cohservatipn and Environment, June 16^ 1^75. ' 




United States Climatic Zones 




Fl^TROFfT OPTION'S 



Heatinig 
and ■ .;" ' 
Ventilation 



U-ighting 



Water ^ 
Heating 



^' Insulate Hot Bare Pipes 

Install Caulking and Weather Stripping 
Iri^ail Roof Insulation 
- Install Double Glazing 
Install Wairinsulatlon 
In^^ll L,oadjng Dock.Dpor Seals 
V Preheat Combustic/n Air : . 

Repjace Worn Boiler Controls 
Insulate Steam Lines 
. .Install and/or Repjace Steam Traps 
Return Steam Condensate to Boilgr 
- Install Economizer Cyclis . • 

Shut DoWn' AIr DlstrlbutJon S_ystem 
Reduce Air Volume ; • 
* Install Auto(natic Thermostats - 

ClpseOff Unoccupled'^reas' 
' Install Heat Recovery Equipment . 
Prevent All* Stratification * « - 



/ Use En^rgy^Conservlng Fluorescent Lamps 

Rehiove-LampsbcFlxturiBs 
•ft ' install^Wltchlng ' ' ^ 

, . : Replace Inpandesceht Lighting 
. Use^Mp/e^'Efflai^ 
£ pesl^n Lighting for Specific Task 
;;^ Lovvcjer .Weight of Lighting Fixtures 
* Rerrtove Lights Over Stacks 

C^{m\ Exterior ^(ghting ,v 



, , PPp.lace Irj^ff Icierit Air CondltlQfT^rsr 

:v time Clocks tor Air Conditioners . " 

fnsta(l T)«?hip^^^ 
4V ln§tall Amj?erage LifTiltlng DeVicea 



Mlcicellan|f6U8 



Install Dec6ritrall2ed Water Hoatlhg - - 
Install Efficient ND2zI(9S and Faucet^ 
: U3e Waste Heat'^or^ 

^ In^suliite Hot Bare Pipes \ % 



?3^ntrol.Eleyator Operation . 
Jlprect Roor Pow^ 
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RETROFITO 



Heating V 
VQqtilation 



Irtsu lade- Hot BareNpasA ■ 
Install Gauikihg and VVejsithbr Strippjng 
ln:stall Robf^lhstUlatlbn ' ^ - ?. 
.y, Inistklf^ . 
\ install Waif Insulation V-^^'; ; V J \ 
; :instair.Lpadlp^ 
jPr^heatCom^ y 
>Rjaplace Wom Bollerb^ ;^ n 

Irisujate Steam L^nes ^ ^ v V \ - r 
InstaMaiid/.or ftepia^^^ ^ 
. Return ^team.C^^ 
•;::| Install ^onomlzer Cycle ' - ■ 

Shut Down Ajr Distribution System 
Reduce Air Vplume ; V / , 
Irisbli Autor^iatlcTherTnost^ts 
GIbse Off Unoccupied Areas / ' 
Install Hekt Recovery Equ I pfheiit 
Prevent Air Stratification ■ V i , : 



Codfiriig 



Water . 
Heating 



IMisceliahecfUe 




Mg^^^tirig^;.;^^^^;^ ]' U^lEf^rgy Ctoriservlng^^ 

pi^nioVe Lamp^ '% ■ 

. Install -SlA^tchlng^ : 
RepJ/^e Inbahdescerit LIgM 
, ; A . I U^e'^i?^pre€ffJcle^ 
^; ; [ . *' \ 'pesfgn Llghtjhgipj^ : 
■ .f ^ Low6r:Helphtpf Llghtjq^ 

Remove Ughts Over Stacks > i ; -'^ j ; 
Cohfrol Exterior Llghtfrig '}] ; - , , ' 



Replace InefiflclentAFr Conditioners. 
InSt^M Time Cibcks for Alr'C^ 
MnsjlailtM(3^©ratureC6ntrolleran Sensci^ ., 
Install Amperage Limiting DeylcQ^ ; V ' 



Install Decehtrallzdd Water Heating < 
Install Efficient Nozzle^andrFaqbets 
Us^ Waste Heat fqc Water Heprtlhg " 
; Insulate HoJ Bare Pipes ' ^'r^.;-. ' 



Control Elevator Opef^itibn'^^^ 
Correct Poor Power Factof ; 
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Appendix 5b , _ , * 

Clirnate Zond 2 Retrofit Options 
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ZONE 3 

r RETROFIT OPTIO 



Heating 
and 

VentiiAtion 




Insulate Hot5are Pipes 
Install Roof Insulatfon 
. Install Loading Dock Door Seals 
Preheat Combustion Air 
Replafe Worn Boiler Controls , 
Insulate Steam Lines 
Install and/or Replace Steam Traps 
Return Steam Condensate to Boiler 
Ins^tall Economizer Cycle ' 
Shut Down Air Distribution System 
Reduce Air Volume 
Install AutomaticThermostats 
Close Off Unoccupied Areas 
Install Heat Recovery Equipment 
Prevent Air Stratification 
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Lighting 



Use Energy Conserving Fluorescent Lamps 
Remove Lamps or Fixtures 
Install Switching , 
Replace Incandescent Lighting 
Use More Efficient Lighting Sources 
Design Lighting for Specific Task 
Lower Height of Lighting Fixtures 
Reymbve Lights Over Stacks " . 
Control Exterior Lighting 



Cooling 



Replace Inefficient Air Conditioners 
ilnstajl Time Clocks for Air Conditioners . 
Install TemperatJi^re dontroller and Sensor 
Install Amperage Limiting Devices - 



Wafer 
Heating 



InstQil Decentralized Water Heating 
Ifistall Efficient Nozzles and Faucets 
Use Waste Heat for .Water Heating . 
Insulate Hot Bare Pipes 



iMiscelianeous 



Control El^atdfCTperatipn 
Correct Poor Power Factor 
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Climate Zone 3 Retrofit Options 
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ZONE 4 JSP* " 
•RETROFIT OPTICS 
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Cooling 
and 
Ventilation 



Lighting 



Heating 



Waier 
Heating 



Replace Ihefflclent Air Qa^^dltloners 

Install Time Clocks forwr (Conditioners 
''Install Temperature Cpntroller^nd Sensor 

Install Amperage Limiting Devices 

Control Solar Heat Gain 

ifistall Economizer Cycle 

Shot Down Air Distribution System 
■ Reduce Air Volume 

Install Autohnatic Thermostats 

Close Off Unoccupied Area». 

Install Heat Recovery Equl^)nTent 

Prevent Air Stratification 



Use Energy:Cpnservlng Fluorescent Lamps 
Remove Lamps or Fixtures . 
Install Switching ^ 
Replace Incandescent Oghtlng . 
Use More Efficient Llghtlr1| Sources 
Design Lighting for Specific Task 
Lower Height of Lighting Fixtures 
Remove Lights Over Stacks 
Control Exterior Lighting 



Inisulate Hot Bare Pipes 
Preheat Combustion Air 
Replace Worn Boiler Controls 
Insalate Steam Lines 
Install and/or Replace Steam Traps 
Return Steam Condensate to Boiler 



InstalLqecentralized Water He^ng 
Install Efficient Nozzles and Faucets 
Use Waste Heat for Water Keating 
Irfsulate Hot Bare Pipes 
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Miecelianeous 



Control Elevator Operation 
Correct Poor Power Factor 
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GSA Qualification Statement Forms 
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- 81 - 



ERIC 



5™ Architect-Engineer 



fORM(SF) 




and Related Services 
- Questionnaire ' 



standard Form 254 : - 
General Services Administration, 
Washington, 0.0.20405 
fed.Proc.Reg.(41CFR)1-16.803 
Armed SvcProc. Reg. 18-403 . 



The policy of the Federal Government, In procuring architectural, engineering, 
' and related professional services, Is to encourage firms lawfully engaged In the 
practice of those professions to submit annualy a statement of qualifications- 
afid; performance dflta, Standard Form 254, "Architect- Engineer and Related 
Services Questionnaire" Is provided for that purpose, interested A-E firms 
(including new, small, and/or minority firms) should complete and file SF 
254's wlm each Federal agency and with appropriate regional or district offices 
■ for which the A-E Is qualified to perform senses, The agency head for each 
proposed project shall evaluate these qualification resumes, together with any 
other performance data on file or requested by the agency, in relation to the 
proposed project, The SF 254 may be used as a basis for selecting flmis for 
. discussions, or for screening firms preliminary to inviting submission of addi- 
tional Informafion. 

Definitions: 

"Aichlt«ct'«njln««r ind related mivIcm" are those professional services 
associated with research, development, design and construction, alteratioD, or ■ 
,, repair of reall'prpperty, as well as incidei)tal services that memN of these 
. professions and those In their employ may logically or justlftably perform. 
Including studies, investigations, surveys, evaluations, consultations, planning, ' 
, programming, conceptual designs, plans and specifications, cost estimates. 
Inspections, shop drawing reviews, sample recommendations, preparation of- 
operating and maintenance manuals, and other related services. 

"Parent Company" Is that firm; company, corporation, association or con- 
' glomerate which is the major stockholder or highest tier owner of the firm 
com'pleBng this questionnaire; l.e: Firm A Is owned by Flrni B which Is, In- 
turn, a scftsidlaiy of Corporation C. The "parent company" of Firm A is 
Corporation C, < 

"Princlpali" are those individuals In. a firm who possess legal responsiblllly 
for Its management They may be owners, partners, corporate offlcers,^ 
associates, adntinlstrators, etc. ' ' 

"DlKlpllne", as used In this questionnaire, refers to the primary technological 
capability of individuals in the responding firm. Possession of an academic 
d^ee, professional registration,, certification, or extensive\expertence in a 
particular field of practice noraialy rtets an Individual's primary technical 
discipline. 

"Joint Venture" Is a collaborative undertaking by two or more firmsior 
Indhrtduals for which the participants are both jointly and Individually 
responsible, 

"CoiMultint", as used In. this questionnaire. Is a highly specialized individual 
or fimi having significant Input and responsibHily for certain aspects of a 
project and possessing unusual or unk)ue capabilities for assuring success of 
"■^finished work. 

Ime" refers to that firm which may be coordinating the concerted and 



I 



complementary inputs of 'several firms. Individuals or. related seivfces to 
, produce a completed study or laclllty, TTie "prime" would nbpally be 
\ regarded as having full responslbilily and llablllty/or quality of performance by« 
Itself as wei as by subcontractor professlonalj.uhder Its jurisdk^ion. 
"Branch Office" Is a satellite, or subsidiary extension, of a-Jieadquarters 
office of a company, regardless of any differences In nanle or lecjalstructure of 
such a branch due to local' or state laws, "Branch offlses" are normally sub- ' 
ject to the management decisions, bookkeeping, and iiolicles oliie maln'^' 
- office, , '. , . ^ 

Instructions for Filing (Numbers twloi'correspona to' 
, numbers contained-infomf)):'^ , * 

1. Type accurate and complete name of submitting ftrai its address,' an*2ip 
code. ^ , I : ' j 

la. Indicate wtaitherfomi Is kn^submltted In behalfW parent firf Ota »^ 

■ ■ brai)ch office. (Branch office submissions should list only personnel and f 
.■ V experience oj, that office.)^ ■•; ^ ,• «, .i , , 

-' 2. , Provide date the tan was establlshe{|^uhder the name shown 1. 

3. Show date upon which all submitted informatj^ is cuifcnt and aiSirate. , 

4; ^te^ lyie of ownership, orJegal structure, of fimi (sJle proprietor, par^^ 
ship, corporation, jointventure, etc.) . ■ * 

• 4a. Check apprfimiate bofindlcatiij if fimi Is minority-owned. (See 41 
CFR l-1.13or ASPR l-332.3(a) for(|ffinltio(|of minoii/ownershlp.) 

5. tranche? or subsidiaries of liger or parent companies, or conglomerates, 

should Insert name and address of nlghe^-tier owijer. 
5a. if present fim?ls the successor to, or^outgrowth of, one or more 

, . prede(|ssor fimis, show niie(s) of A)mier'entiiy(ies) and the yearfs) of 

■ their of^nalestabllshment , 

6|List not more Aan twQf rindpals from submitting fimi who may be con- 
tacted, bifcthe agency receiving this fortf (Different principals may be listed on 
tonns gjg to another agency.) Listed principals must be empowered to speak ' 
. for thetfm on policy and contractual nfttters. 

7. Bednning wli the submifflng office, list name;iocation, total number of 
^mel and t^hon^numbers for ailassodated or branch offices, (Including 
any headquarters or foreign offices) which provide A-E and related^services, , 

va Shownotal personnel In al offices. (Should be sum of all personnel 
allbrancl^.) ■ 

i Showtotalhumberofemployees,bJdisdpllne,in5ubmittingofflce.(Ifforai . 
, Is being submitted by main or headquirters office, firm should list total employ- 

■ ees, by discipline, in ill .offices.) Whfle,»me personnel may be qualified In 
y several disciplines, each person should be counted only once In aaord wiltli, ' 
' his or her prim'aiy function, Include clerical personnel as, "administrative." ■ , 
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' SSf' Afchited-Enp^^ 
and RelatedSeivices 

jonri^irel' 




Standard Form 254' 



Wa8hington,D.C; 2()4()5 • *^!i' •'v • 
I^.Prbc.Reg.(41CFR)1-16.803 •> 
Armed Svc.Proc. Reg. 18-403 



1st f 



■(^pllnes-sodologlsfs;^^^ ■■\^ ■ ^ . ; cost):lor lhat portion pi tfe project for which kflmw^^m^^fcspin^^^^^^ 

jnkspacM. ' • ; . ;,• ; ; ; : , ; ■ , ' , ■ „ ; (Where no construction was Wolved,shVlpp™^ . 

(Wyinsiw^^^^ ''indie) state s«ar work onthatpartlcularprojectw?^ 

■^'■'^-ijjealvedk A : IZ^ Tlie completed SF254.should be. to^ 

ltjyMrflr?t, F(MJummirt«ihouldbe!)rofe^ . • ;. » • . . v 

" ;y(iarforl4wrkpeijomieddirfd^ aai«a,'.i j.k wL-'u'L u t',. ; , rf./^*- 

^' ■ V|ie fiWertmeAt jbli olher,: '■ , v; ^^"nlefsspedlk^reques^^ ^ ^ ] .*V, . p 
tons, Wudlng FederiJij;as^ea projects,; / 

i|M8.,5»fv)ce8Fwf. , 



.' NEW FIRMS (not notginiud or Kcti)tlv^4mil^initcd flrmi) i 
; uf eligible and cncouhgea to icek woik^bm the Peiitfifii , > V 
Uovcnment In coimeetlon with pcrfbi^incft of ipnjjecti for 



P)?l';;;;t^:$2'niillionlo^mi»^ >'' •,' 

... ii}>sj%^'8i|'Si?^ •'■ 

V' BtpeileAte Pr(?ffl«Pjj';;|i|irtj^^^^ fnexfpige) whicH ippit - ' ' ' 

■ acciirjiel^ rffl^itjiiilji^iittiEf^^^ tejthnlcaji<!apabUlti<!s anrf ; ' 
;.|r!|5ct;e|)e(tfe!)^ prolil? codes ' : 

■ . ■;«i)iay be':,|||j^J^^^ ' : ' 

• .>;lftJ(decf.pjfonft.'c^^ type and scope of services provided'- 

„■ oii'lpast 'pjeiite.) ,For each code number, sifew total nujiibcr of projetts bhd' ■ : , 
. • gross' feiS5 (in . thousands) received fotprofie fat? Mrformed by Ann dilring ■:■ ' 
;.f pasf MjiearS;: !^^^ 

'./^"v'S^iia^n;, blank s^^ epd of list and show liphibers'jn question 10 bn the , ■ ' ■ . ' 
' Ih'igfh^ Mse$,i^lfe^^^ muit a(;c<)mpjji!|the complete SF;254; .■ . ' ' 

.ilc Using'the ;^^ WWirs ln Jhe same sequence as ; ' 

■ .ehpd in' item last;five years) ' ■ 
"■ rep(i^Mi|B.pr%jt fbr^e^^ codb ij^ijliiE'Wli j^ihulmum of thlrty (30) v-^ ; 



: ' whldtlicyarequali|lcd.'$«£hflrmiirectfcw^ ^ 
" <iMtiubinlt$tm(laTdFoiin 2S4to i|i|m|lri ' 
' ;;, ' tibpi on the form detling vith pereonnel (fr»e»crli|cem|iy be 
; . ' uiwMiby.cjtlnflexpeHeauindcii^lllilefW 
' ^ > ' the fliiai,>baK4on perlbrmincc ind reipbniU|llltykhlle Irthl 
nploy of pthm. In .10 doing, lioutloinof t^^ fkAihould be 
id^ on Ihe form. In queitlbn 9, write hi ' W to Indlute W 



cmii 



inad^ on Ihe form. In queitlbn 9, write hi 'Wt^' to Indlute ^ 
iappllcable" for thoie |fean prior to firm'i org|nl|iati.^. 



'; ■■' * •■■ 




„,. sepaim Jb)€(A5, J poirtiqn^^ was responsible', 

(PrpjeJ|p4'?«^^ f^V^i iiseifio|^;^a%.% to,lI|ustrate' different services \ ; 
■.Mrender^: on'the'sarne job; :Btjii)^lei,i' diiilha m inay be^pattlof an auditorium 
*'15tji'0r/educatlbiial,facility^^^ 

, ','-^;tJli^ IWo:()r,« prcje^ for each code : ' 

.■iSijmbti''s^mi^p exceed, thlrta {30).-, ,• 

■:::«;"J^ereach(lode;ij^^^ ^ui8Slion;n,,^bow; (a) whetherlmi was "P,'''lh<ii' ' '. 

prirne prbf?'sno^^i,^" C," ,a,.co^^^^ 6r.'''JV,*'' part ifij()int venture, on 
pvlthat pajrticidarji^i!t^(Nev{^ less than Ive (^.years may use , 

'I..; jtonbol •f .'pndiaile; W Expejieiice" afopposed tomn expeii-' ■ ■ 
■•"t;«pj; (b|;j)jP'f>a^^^ the:Specific project which typifies • - 

v' ^'' ;irm'5'(or und^ that code cajegoiVi (c) give name:", ; 

■■• ' AriA "^^'f^^'^^^jj^ tlat 'project (if governmeiit agency iri(Jicatci;re- 'i ' 



V. i 



'My 



S y 



Experience Profile CodeJ^umbers' 

tor use with questions 10 and 1^1 ■ 

001 Acoustics; Noise Abatement' ' „ , , 

002 Aerial Photogrammetry 

009 Agricultural Development; Grain ' ' 
Storage; Fami Mechanization 

004 Air Pollution Control „ 

005 Airports; Navaidsi Airport Lighting; 
Aircraft Fueling . 

006 Airports; Terminate*' Hangars; Freight 
. ' Handling 

:.007:Arctic:Facililies."-;'^V'^^^^^^.^^:'^^ 
•008 Auditoriums* Theatres 

009 Automation; Controls; Instrumentation 

010 Barracks; Dormitories 
"Oil Bri 



012 Cemeteries (Wann//?g A flekaf/onj 
.. 013 Chemical Processing &Stl5rage 
014 Churches; Chapels 
015.Codes;Standards;OrdinanceS'' 1 

016 Cold Storage; Refrigeration;- Fast Freeze 

017 Commercial Buildings (tow rise); 
Shopping Centers 

. "018 Communications Systems; TV; . 
Microwave 

•: 0t9 Computer Facilities; Computer Service 

• 020 Conservation and Resource 

Management 

021 Construction Management 

022 Corrosion Control; Cathodic Protection; 
. Electrolysis 

Cost Estimating 
•024 Dams (Concrete; /Ire/)) 
025 Dams (farf/); floclfj; Dil<es; Levees 
. 1)26 Desalinization (Process 4 M/'esj 
027 Dining Hall8;Clubs; Restaurants ' 
. 028 Ecological &Archeological 

Investigations ) ' ■ 

029 Educational Facilities; Classrooms 

030 Electronics ' ' ; ^ 

031 Elevators; Escalators; People-Movers 

032 Energy Conservation; New Energy 
Sources 

033 Environmental Impact Studies; 
" Assessments or Statements 

034 Fallout Shelters;' §lasl-Resislarit Design 

035 Field Houses; Gyms; Stadiums 

036 Fire Protection . 

037 Fisheries; Fish Laddets • , , 

• 038 Forestry & Forest Products 

039 Garages; VehicleMaintefianceFacilities;' 

ParkingDecks « ■ * 

040GasSystems(P/iopa/?t;N8(ur8l,flc*' 



041 Graphic Design 

042 Harlwrs; Jetties; Piers; Ship Temiinal 



043: Heating;.Ventilating; Air Conditioning 
,044 Health Systems Planning 

045 Highrise; Air^Rights-Tyi^ Buildings • 

046 Highways; Streets; Airfield Paving; 
.. ParkingLots 

047 Historical Presen/atidn. 

048 Hospitals 4 MedicalFacilities/' 

049 Hotels; Motels ' . ' ■ ■ 

A()ir\mnts;Con<jominmj 
■ .051 Hydraulics* Pneumatics '• 

052 Industrial Buildings; Ma'nufacluring 
Plants' 

053 Industrial Processes; Quality Control 

054 Industrial Waste Treatment 

055 Interior Design; Space Planning' 
.056 Irrigation; Drainage 

■^057 Judicial and Courtroom Facilities. 
058 Lat)oralories; Medical Research ' 



059, Landscape Architecture 

060. Libraries; Museums; Galleries' 

: , ..061 LighIing(lnteribrs;.D/spl8j';7?)e8ffe, i? ; 
Etcl 

062 Lighting(£x(erjbrs;SffBe(s; Memorials; 
MhtokFmsMj 

063 Materials Handling Systems; Conveyors; 
Sorters 

064 Metallurgy 

065 Microclimatology; Tropical Engineering 
/ 066 Military Design Standards' .■ 

067 Minir^ Mineralogy . ' 

068 MissilfFacilities (Silos; Fuels; Jmsport) 

069 Modular Systems Dwign; Pre- 
Fabricated Structures or Components - 

■ 070 NavalArchitectu're; Off-Shore Platfomis 
■ ' 071 Nuclear Facilities; Nuclear Shielding 

072 Office Buitdings; Industrial Parks ■ . 

073. Oceanographic Engineering 
. ■ ■ 074 Ordnance; Munitions; Special Weapons 

075 Petroleum Exploration; Refining 

076- Petroleum and FuVl (Sforaj? and 



077 Pipelines(Cross-Counfry-lj(/u((/AG8Sj 

078 Planning (Com/nun/(y,fleg(ona/, 



079 Planning (S/te, Irisfal/af/on, and Project} 

080 Plumbing* Piping Desigitj; 

081. PneumaticStwctures; Air-Support 

082. Postal Facilities 



I' 



mission,, i-. 

084 Pri»ns&cirrectiojiFacIIities . 

065 Product, Machine &'fquipmeDfl^ 
- 086 Radar; Sonar; Radio &RadarflfeGOpes 
■087 Railroad; Rapid Transit 

088 Recreation Facilities (Parte, Msiim, ' 
Etc): ■' 

089 Rehabilitation (SuiMngs; Sfrt/cfores; 
fac///f/esj 

090 Resource Recovery; Recycling . ' 

: •; 091 :,BadioFrequency Systenjs& Shielding^' i; 

092 Rivers; Canals; Wat^ays; . 
? FkxxJ Control 

■ ■ 093 Safety Engineering; Accident Studied; . 

OSHAStudies ■ 
, 094 Security Systems; Intruder &,S(noke 
Detection . ' ■ . ; 

095 Seisrriic Designs & Studies' ' 

096 Sewage Collection, Treatment and 
■ Disposal 

097 Soils * Geologic Studies; Foundations , 

098 Solar Energy Utilization . 

099 SolidWastes; Incineration; Land Fill, 

100 Special Environments; Clean Rooms, Eta 
101' Structural Design; Special Structures ■ 

102 Sun«ying;Plattin'g; Mapping; Fkxxj .. 
Plain Studies 

103 Swimming.Pools ; 

104 Stonn Water Handling* Facilities' ' 

105 Telephone Systems (Rml; Mobile; 
Intercom, £(cj 

106 Testing* Inspection S^n/ices 

107 Traffic* Trarisportation Engineering 

108 Towers(Self-Supporf/ng* Gu/ed 
. . Systems) 

■ 109 Tunnels* Subways 

110 Urbap Renewal; Community 
DevSlopment — - 

111 Ulilitie$(Gas* Steam) & 

112 Val;jeAnalysis;life-Cycie,Co^ting 

113 Warehouses * Depots A|. 

114 Water ResoiJ^c^;Hydro|gy; : | 
Groundwater ; "J 

115 Wat^rSuDplyiTreatmentajjdDjstriftion . 
. 116 Wind TuTOls; Research/wing 

litiesDwian . , 



117 Zoning; Land Use Studies^ 
201 . 

202 

203 „. 

204 

205 -_ . ■ 




StandirtFofn)2M July 1875 
Pmcftwd By OSAfm. Pioc. Rig. (41 CH)) ^8(3 



STANDARD 
•'FORM(SF) 

.254 1 

'indfielaledSeivices* 
;* Qijiitiprfnaire^ • 


' 1. Firm Name/ Business,Address: ' 
la, Submittaiisfor D Parent Company D Branch Office 


2, Year Present Fimi 
. Established:, 


3, Date Prepared: 


4. TypeofOwnerstiip: , 

4a. MinprityOwned Dyes Ono 


S/ilame of Parent Company j( a 

... . . ■ ' , ■ ' 


5a, former Firm Name(s), if anyl and Year(s)Estabiished^ . • 

L — * , ; ^ 


6. Names of not more thanjwo Principals to Contact: Tit 

^)/, '"• ' ■■■■ 


e/jjelephone ' . * ■ ■ 


7.PresentOffic,es:Cily/State/Teldphone/No.PersonnelEachOffice , 7a.. Total Personnfli 



8; PersorinelbyDiscipillii^' 

— Administrative 
.. ./yAfchilecls 
J* Chemical Engineers 

Civil Engineers 
.......Construction Inspectors 

■ - Draftsmen ' 




Economists . 

' ' — ' * ' 

9, Sumn^ryol ffofessioiialCcrvicei, fees 

Received: (insert index nuffikij 



_ cal Engineers 
-i-istjnialors 
-^Geologists : 
—Hydrologists'':^, 
—liijerior Designers 

Landscape Architects 

—Mechanical Engineers 
—Mining Engineers 



-^Oceanographers 
—Planners: Urban/Regional 
—Sanitary Engineers 
—Soils Engineers : 
—Specification Writers 

Structural Engineers ' 
-1. Surveyors 

—Trajispdrtation Engineers 



Last 5 Years (most recent year first) 
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Direct Federal contract wo/kriqcluding overseas 
All other dom.6f,tic work , ' ■ . ' . 
_ All other fortign work; ■ ■ 

'O^jms interested in foreign work, but wilhout such experience, che^'ljere: Uz 



19- 



. 19_ 



19- 



Ranges of Profesttonal S; nlcoo Fees 

, MOB 

: 1. less tlun $100,000 

i *i $100,00010 $250,000 

■ 3. $250,00010 $500,000 ' 

4. ^500,000 10 $1 million . 

5. $1 million lo $2 milliai) 

6. $2million to $.1 million ■ 

7. $5 million lo $10 ml|l|bn, > 

8. $10 million or greaier' , '" , 



V 



SiandirdFonn254Jiily197S • 
hMcribed Bv r^d. Pn)c. fiM. M 1 



10. Pfofile of Finn's Project Experience, LasI 5 Years 



Profile • 


Numbfir* of 


Total Rrnw Paac 1 


nOillS 


NufTiDerot 


Code. . 

\\ \ • . 


Projects 


(in thousands) ' |' 




Projects ' 


. ■< i 

■ .3)' " ■ 






111 

12) ' 




■1) , 

■ ■■■i- ■ V 






14) , ; ■ . , 

1M> . ■ ■ , 




■•'CI. //■ 






.15) > 

•16) ' / 
'17). /■■ 




ai ■ „■■ 

lOi' • • ' , 






18) 'V 




f ' 


,. ■. . • - • .' ^ 


iQri' '*" • 

20) 





11, Project Examples, Last 5 Years 



Total Gross Fees 
(in ttiousandsl . 



" ■ . t ■ 

.Profile,, 
■Code 

' 

241. , ■; 
26) 

,27),; ■ 
26) ", . 

29) :" , 

30) , '..v 



Number of 
Projects 



Total Gross Fees 



Qode 



ttpn MQti 

'Jvfor"IE' 



Project NameinbLocation 



1 



1 



Owner Name and Address 



CpstofWorl( 
(lnt|K)usands) 



Completion 
Date 

(Actuator 
Estimated) 



A. 



■ V 



afidRelgted Services 
QueslioniiaiiBfor ' 





,Standard Foi7n.255 

■General Services Administration, 
' Washington, 20405 «' 
Fed. Proc. Reg; (41 CFR) i-16.803 
Armed SvcProc. Reg; 18^ ' 



:m km Is-a supblement-to thf i'Archltect-Engineer and Related Services' 
•.iQuesJonnalre" -(SP 254): Is 16, provldB additional infomiation 

> resirding the qualilitaticins of Interested (irins to^dertake a specific Federal 
;: A-t pro)ec|. Hrnis, or bhinch officesoftos, submitting this form should en- 
close (or alreadi^haVe on filewlllUhe appropriate office of the agency) a cur- 
rent («lth,lnlhepast year) andacc,urate:c6py (5ftheSF2§4forthatoffice 
The procurenient'offlcial resportsible for each proposed project may request ■ 
submlMfon of the SF 255 '.'Architect'Englneer and Related Services Question- 
, naire for Specific iprolect',' in accord with applicable civilian and militaty 
. procurement regulations and shall Evaluate such submissions, as well as 
■related infomiatiorl contained on the, Standard Fomi ,254, and any other 
perfomiance data pn file wttfi the agency, and shall select firms for subse(}uent 

• dbcus^6ris leading to contract award in confomiance with Public Law 92-582, 
, Jis fomi should only be filed by, an architect-engineer or related services 

■ firm when requested to do so bi^ the agency, or by a public announcement. 

■ Responses should be as ifimplete an((accurate as possible, contain date rela- 
tive to the specific projecj for which 'you wisb4o be considered, and should be ' 

, provided,- by the required due date, to the office specified in the request Or 

■ public announcement. 

Tills form will bc.used only for the spctllied project.' Do not refer to this sub- 
rnittal in response to other requests or publbnnouncernents, ' * . ' 

. Definitions: 

. "Archltect-englnwr andjelated lervlces" are thoSe professional' services 
associated with re5earch, development, design and cqnstiiicticn, alteration or 

• repair, of real property, as well as incidental seivices' thai members of these 
, . professions and; those in their employ inay logically or justifiably wrfomi 

■ including studies, investigations, surveys,- evaluations, consultations, planning' 

■ programmmg cpnceptilal designs, plans and specifications, cost estimates' , 
. inspections, shop drawi«g reviews, sample recomm?i^dations, preparation of 

operjiftig and maintenance manuals, and other related services, ; ■ 
"Prlncipils" are those individuals in' a fimi who' possess legal responsibility 
tor Its management. They maybe owners, i partners, corporate officers 
associates, administrators, etc. i . - . i 

''Dlielplliie'\ as used in this questionnaire, refers to the pri^^^^ 
„ capability, of individuals in , the responding fimi. Possession of an academic 
: degree, professional registration, certification, or extensive experience in a , 

• particular field of practice nomially reflects an individual's primary technical 
duapline. " 

■ "Joint Venture", is. a collaborative iundertaldng of two or more fjrnis or 
individuals for which the participants, are both jointly and ' individually 



]er|c" 



I 



"Ifcy Pctom, SpiclilMi, ud Indlviduil Coniultinti", ai used in this* 
, questiiHinairt, lefef to InijNduals \frt^^^ 

• or wiD 'provide- iinuMi) pr tmiqM capabilities for the project ,under 
i ' ■ ■ consideration; ■ ■ ' " 

. Instructions jor Filing (Numt)ers below correspond to 
. numbers contained in fomi): , , 

1. Give nalhe and lOation of tiie proj<|d for which this fonn is belng sub^^^^^ 
2 Provide appropriate data froln the tomene Business DalMCBD) identi- 
, " . , ' tying the [Jarticular project for which this fomi is being filed; , ■ , . ' 

y' / , 2a, Give the date^f the Commerce Business Doily in which.the project 
■; ■ .announcement appeared, or indicate "not applicable" (N/A) if the source 
, . - ^; „|i , of the announcement isrother than the CBD. , ' ■ ' ■ 

; ' ^ ',' ', 2b. Indicate Agency identification or conti-act number as provided in the 
■, JCBDarinouncement, ; ^ 

■ j.Show name Qf the Individual or firm (Or joint venture) which Is submlWnq 
/• ; this form for the project' ■ ■ . ,. ., 

: • 3a. List the name', title, and'telephpne number of that principal vtho will 
. serve as the pbint of contact. Such an individual must be empowered to 
* speakrof the fii^n on policy and contractual matters l>nd should be fam 
with the programs and procedures of the , agency to which .'this f6rra is 
, '.directed. " ' , .'v; , / ■■■ , 

'- 3b Give the address of the Specificdfficewhich'willliaveresM^^^^^^^ • 
pertomiing the announced work. ' ' , ' ' ■ ' ■ ^ 

• . ■■• , ,. .'."' '. ' 1 ■ • 

. "^f °' P^^^""^' by disdpline.presentiy employed (on date : 
0 thistomi) atworklocation;Whilesomepersonne1maybeValifiedinsev^ral' /• 

• ais?iplines,each;person should be counted only once in accord with' ^ ^ . 

■ pqmary furiction. Include clerical personnel as "administrative','' Write in any • 
. adto5j diKipynes-5ociologists,.biologists, itc. -and number of people in , 
' each, in blank spaces. . .,' .'' ■ , . 

A- ■ ' ' ■■ ' ■ ■ 

5. Answerohlyifthislpm'isbeingsubmittedbyajointventu'reoftwoormo^ ■ 
collabora,ting flmi^, Shfcw the names and addresse?of all individuals or organi-' ■ 

■ zations expected td.bi^included as jjart of the joint venture and describe their 

■ ^rticular areas of anticipated responsibility, (i^e,, technical. disciplines, adminis- . 
, Iration, financial, sociological, environniental, etc) ..■ • :, ' .■ 

5a. Iridltate; by checWng the apprppriate box, whether this particular joint ' ' 
. "ventur_ehassuccesslulfy,worJ(edtogetherpnother'proj€cts. ' ), ; 
Each finii participating in the joint venhire should have a Standard Form 254 ' 
on file with Jhe contracting office receiving this fomi. Fimis'which do ?pt have 
. such fomis on file should provide same immediately along with a notation 



JJ5.I01,,.,. J, Slaixlardfomi255Julyl§?5 

' , '\ ,■ . '■"'^ ' : I^K"t»<l6y6SAF«).'Proc,Reg;'(4iCFRll.i6,ai 



m AcGhited'Enaineer , 
a/id RejatedSewiceS: 

^00 Specific Project 



.Standard Form 255' 
Gener^l^ervices Administration, 
Washington, D.C. 20405 
-Fed.Proc.Reg.(41 CFR) 146.803 
Armed Svc.Prqc. Reg. 18-403 
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regardlnl their association with this joint venture submittat ' ; . /. ^ ' 

6. ifrespbndenl is not a joint venture, but intends to use outside (as opposed,;;' 
• to. In-house or permanently and formally, affiliated) consultants or associated, ' 
he:shpuld provide names and addresses of all such individuals or firms, as well 
as their particular arfias of technical/professional expertise, as it relates to this, i 
projfcl Ejdstence of previous workipg relationships should be noted, if mdre ' 
than eight outside consultants or aisocl^tes are anticipated, attach an addition^ V, 
;tiect containing requested Informatjonf . . | 



Ji Regardless of whether respondent is'a joint venture or an independent firm, ' 
/provide brief resumes of kpy personnel expected to partlcip^ite dn this project; 
^Care should be taken to linilt resumes to only those personnel ind specialists _ 
who will havi major project responsibilities. Each resume must include: (a) ' 
name of each key person and specialist and his or her title, (b) the project 
assignment or role which that person will be expected to fulfill in connedgci 
with this project, (c) the name of the firm or organization, if any, wj)}(w^^ 
that Incttvidual is presently .associated, (d) years of relevant expemrKc with 
. 'presen( tm and other firms, (e) the hlqhest academic degree achieved and the 
/discipline covered (ll more than'one highest degree, such as two fh.p.'s, list 
both , th? year received and the particular technkial/pjofe^nalldiscipttne 
viVk\ that Individual wil bring to the project, (f) if registered as an architect, 
' engineer, surveyor, etc., show only the field of registrallon and the year that; 
' sucf) re^tton was first acquired If registered in several slates, do not llst^ 
' stales, and (g) a synopsis of experience, training, or other qualities which reflect ' 
inSividual's potential cor^buUon to this project. Include such data as: familiarity 
# GbvtijimenUr agenicy procedures, similar, tp 
past, management aWllties, familiarity witli the geographic area, rebant ; 
lorel^ lanouage capabiKtie^^^ etc. Please limit synopsis of ex})erl€nce>to directly *. 
relevant infcniwitlon. ' ' , ; ; 

. ' 8. Ut up to ten projects, which deirion^lrate the firm's or joint venture's 
' .'competence to perform work similar to that likely to be required on this project. . 

The mbre recent such profects, .the belter. Prime consldeifation will be ^vqn to 
„ projects which illustrate respondent's capability for performing work similar to 

that ]^rA sought Required Information must inclmde: (a) name and location of 
. project, (d) brief description of type and extent of services provided for each 

. project (submissions by joini ventijres should Indicate which member of the . 

joint venture was the prime on that particular project and what rolf it played), 

(c) name and address of the owner of . that project (if Government agency, 
, indicate responsible office), (d) completion date (actual or estimated], (e) ,total 

construction cost of completed project, (or where no construction was involved, 

*the approximate cost of your work) and that portion of the cost of the project 

for which the named firm was/is responsible. ' . 



. ?! List only, those projects which the A-E firm or joint venture, or m'fembers of 
Ihe joint venture, are currently performing under direct coptract with an agency 
or departmenf of the Federal .Government. Exclude any grant or loan projects 
Jieing|nan by the Federal Government but being performed under contract 
tol^'non Federal governmental entities. lnform£|tion provided under eJich 
, heading is similar to that requested in the preceding Item 8, except for (d| 
Percent Complete." Indicate in this item the percentage of A-E work compieteo 
upon filing this form. ■ . ■ , . 

10. Through nanative discussion, show reason why the firm d joint venture 
^ submitting this questionnaire believes if is especially qualified to undertake the 
" project ImormatioaprovHed shbuld include, but not be limited to, such data 
as: specialized equlpment^avallable for this work, any awards or recognition 
• received by a firm or individuals for similar work, required security olcarances, 
special approaches or concepts devek)ped by the firm relevant to thisfproject ' 
. etc. Respondents may say anything they wish in supprt of^ their qualifications. 
When appropriate, respondents may supplement this proposal with graphic 
material and photographs which best demonstrate design capabilities of the 
team proposed foy this project / ' 



11. Completed (orms should be sigrved by the chief executive difkier of^the 
joint venture (thereby attesting to the concun^ente arid commitment of il 
members of the joint veriture), or by the 'architect'engineer principal responsi- 
ble for the condiid of the,work in the event it b awardedto the organization 
subniittii^'this form. Joiiit venhires- selected for subsequent discussions ne- 
garding this project must make available a statemerit of participation started by 
a principal of each member of the joint venture. ALL INFORMATION CON- 
TAINED IN THE FORM SHOULDBE CURRENT AND FACTUAL ' 
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standard Form 255 July 1975 

f 'fescfibed By GSA Fed, Proc/Reg. (41 CFR) 1-16.803' 



FORM(SF) 

255 

Architect-Engineer 
Related Sen/ices 
for Specific 
Project \ 


1. Project Name'/ Location for which Fimi is Filing: . ' ' « 

' . ; ■ • : ,v ■ 


, AnnpunceiDent 
Date, if any ? ^ ^ • 
< 

r 


2b. Agency Identification 
Number, if any: \ 

' :" 


•3, Firni(orJoinSventure)l|lpeiA^^^ ^ V , • 


3a. Name Jitle' & Telephone Number of Principal to^ntact . ^ 

'' ' < ' ; ' . ' * ' 1 ■ 
■ (' ' ,' 'i . . " ^ .. * ' ' 


3b. Address of off i'ce to perform.workjf different from ^1^^^^^ . ' ■ . 

} ■ ■ ' ' * " 



-]Admi|i'l|(ative 
f Arcfii((>cb . 
.Chemldii'Engineers 
vCivil Entjineers ' . 
.Construction Inspectors 
iDraftsmeti 
:Eco.logists!' ', 
-feoonomists • ' 



—.Electrical Engineers 
-1^ Estimators 
—Geologists 
—Hyd/blogists 
: — Interior Designers . - 
— .LanijscapeAFcl^itects 
— Mechanical Engineers 
gineers 



' y-Oceanographers 
— Planners; Ujtan/Regional ^ ' ■ 

—Sanitaiy Engineers ■,, 

-—Soils Engineers v • ■ • ■ 

—Specification Writers i. . \ 

— Structural Engineers 
. —Surveyors " \ 

■ — Transportation Engineers ; . — Total Personnel 



/ 



5. If submittal is bjiJoint-Venture'list participating firms and outline specific 
Attach SF 254 for^each if not oii file with Procuring Office.) 

. X^.. ■■■■ :• ■ ' . * ■ . ■ . ^: 



areas of responsibilityj(including administrative, technical and finaiicial) for each firm:;< 



F. » 




1 ■ ■ — — ^ ,„ -1 , ,- „ ' ' ■ ■ ■ ■» ■ ■■ 

6. Outside Key Consultants/Associates Anticipated for this Project (Attach 8E 254 fortlonsultants/Associates L'iSfekl, if not already of file with the Procuring Office) 

■ • , . , . ' - , ■ ^ ■ Worked with. 

, ) * : ■'' ■ ■ : ' Primebefore, 
Name&Address i , , Specialty , . ' ■ (YesorNo) 

. ■ ' • ' , - - , . . . , , I ' . ■ , .... 
.Jt ■■ ' ■ ' ^ . '■ ' . ' , ■ 




■,' '.""^ ■ 

y ^ ■ . ■ ■ , ■ 


1, 

. ' s 

, : . r 




; , / . 

'. ' ' ': ' ' ' . ' 'i ■ * 


r. ' _ ' 


• ■■■ .r • \ 
. ■ • , .'' 

■ ' . ■. ■ . . ' ' • » 


^ ' t , • ' ■ , ■ - ■ , ^ ■ ■ 1 1 » ■' 

■ . ■■ < ' ■ ■■■ ' ^ 


■ H; 

.. ■- •" ■ 


■'5:' ■■ ■■ ■ ' . ' , ,, '■• 

... * ' ■ 

■ ' ■ V : / ^- .y ■ 


■ ' ,^ ' '■ ■ ■ ' ■ 


1 * L 


6) ; . \ - ■' ■ ■ 

^ ^ : 1^ ^_ 


^ ■. ' ' #. 

P' , • , ■ ■ ■ ^ 

■ • ,■ '■ - ';■ ■ ; ■ , ■■ ■■. 


*^ ■■ ' . 


■ '7\ ' ' ' ' 

■ l\ ■ ' . ' • 

I- . ■ • ,.• ■ 

• ■ ■ ■ ? ■ ■ ■' ;'. ' , 




■ n 


.. ■ ■ * ' ' . ' ' '. . 
•''.*.' * . . ■ ■ ■ . 


■ ^ ' ■■'■A' ■ ■ 




"8). • ' '. . . . ' 







J 



ERiC 



PmcrlM By QSA Fad. Pioc. Rtg. |41 CTRI' MMS; 



7,.Brief Resum^ of'Key Persons, Specialists, and Individual Consuliant ^Anticipated for this Project' 
V'^^^^*^"^ . • - . / , ' •.. a.Name&Title: 



b,Proj8Ct Assignment:' 



C Natjie of Firm witli )wliicli associated: 



d. Years experience: With This Firm...' ' y'^^' VVithOther Firms 
. e-fducation: ■ ' Degree(s)/ 



Vf, Active Regiflfation: YearFii 



Year First Registered/Discipline 



g; Other Experience and Qualifications relevant to.the ' 
proposed project; 



■b, Project As^i 



'c. Name of Fimi with which associated: ■ 



d, Years expefience: With This Fimi... ' With Other Firms. 

■ ' .' ■ .... . . ' ' '. ' 

e. Education: Degree(s)/ Years / Specialization ' " 



Active Registration; Year First Registered/Discipfiiie 



g, Other Experience and Qualifications relevant to the 
. proposed project: 



■ . V ■ 



i 



StinilifdFo(ni2i5Ju»^1t7J p 
Prwcrllnd By OSA Ftd. Pioc. Rtg, (41 CfR) l-ICM 
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7. Brief Resume of Key Persons, Specialists, and Individual Consultants Anticipated for this Project 



1 . 



& Name & Title: 



b. Project Assignment; 



c. Name of Fimi with which associated: 



d, Years experience: With This Firm ._: 



mi..\. • , witnuir 



With Other Firms.. 



e, Education: Degreels) / Year / Specialization 

■ • .r.» . ■ , 



f. Active Registration: Year First Registered/Discipiine 



g. Other Experience and Qualifications relevant to the 
proposed project: * • 



11} 
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tJ, . Project Assignment: 



'if ■'■ 



Q. Name of Firm with which' associated: , 



d: Years experience: With this Firni 



With Other Firms. 



e, Educaiion; Degree(s) / Years / Specialization 



f, Active Registration: Year First Registered/Discipline 



![ience arid Qualifications relevant to the 
prop(»^ project:. * ' ■■ ' V ' ■ 



S 




e.' Eddcation; .Degree(s) (Year /Specialization 



f. Active Registration: Year Fi/st Registered/Discipline 



g. OtheirExperie/ice and Qualilications relevant to the 



) V 



1 



:.' With%firms_i 



e: Education; 

i, , 



-i — ■r''''\ 



V 



\ Ywr BiistRegistered/DisGlpiine ' ^ ; 



proposed proje<:t: 



\ 



ERLCJ 



. . .8tindirdFofffl255Juf)(11l75 / 
PwcrlW0/QSAFid.Pfoc.Ri8.(4tra 



&l|ame& Title: 



c, Name of Firm with wtiich associated: 



a.Nafne4Title: 



b, l^roject Assignment: 



' c. Nal^e of Finn with which associated: 

^ A- 



d. Years experience:'Witli' fliis Firm ^ 



Willi OtfierFlrms— 



d, Years experience'; With ThisTim. 



■ e. Education: D^reeis)/ Year /Specialization 



•C, 



• . With Other Firms-, % 

■J— — ■ — ■ — . 



B^ucatidn: Degreefs) /Years/ Specialization 



f^'Ai^ive Registration; 




f. Active Registration; Year First Registered/Discipline 



, a. 




iri^ceand Qualifications relevant to the ^ 
reject: ' 



g; Other Experience and Qualifications relevant to the ,. 
prop 



;v"v' 



a' 



0 
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— ^ — \ — . . I 1 — — — . — ; ^ ■ ' ' 

0. nQn(uynnngrjojniveniureM6rnM^ , 








d. Completion 
Date 


e.' Estimated Cost (in tl^ousancb) 


i' Project Name & Location ' ' 


b. Nature of Rnn's Responsibility 


Owner's Nam & Address 


.(actual or 
estimated) 


Entire 
. .'Project 


fWfx for which 
Rrm was/is 
rssponsibte ' 




' ■ ' . 








* 


_ — : L_ „ 




. — -^^^.^ ^ — . : 










t • 

: ■' r ■ 


' 1 ' ' ■ • , . ' 








(41 ■ '■. ■ "■ ■ 




1 ■ , ' 


1 

■ , '. * 






J 5 i • ' . • . ' , : 


' ■ > ■ 






,-- 


. ■ 


■ ■ * 


t '1 , ' ., 
* • ' \ 


...... ^ I , ■ . ■ ■ , 




















■ ■ ■■ ' ■ ' ' »■ ' " ■ . ■■ ^ ■ 


< . ■ 










•■'■I ' ■ , 

■ ■ < 

■ „ ,. , . ... 













'.i ■, ., . ^ 

0 . — . 


k' ' ■ 




1 

1 . ■ . J ■ . . ■ 
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APPENDIX VII 



, Sample Request-for Proposal for an Engineering Consultant ^. . ^ 

^ ' . V -■' ,1 , " y \ . " 

The Town of ' ■ • ^ is currently inviting proposals ior the 

purpose of conducting a survey, the purpose of which is to identify energy 
conservation alterations and modifications to the Town's current building * 
energy systems; • • • 

The project' shall include the survfey of ■ ■ Town Buildings, including 
the HVAC system, pneumatic electric temperature controls, electrical systems 
and architeptural modifications / ^ - ^ 

Consultants vyishingHp be cbns^^^ 
written proposals. (3 ;copiies ) on or before ■' ; to; ^ 

. Town Manager 



The proposals sjiioulci include infprination on the following matters. 



1) Qualifications, A sta^emfent 6f the^ firm's capabilities and exper- 
ience, specifically in ^simllkr proj^^^^ , 

2) .Time Schedule, A proposed dafe for^complp'tinn of .4;he survey, 
assuming you were hired on . 

3) Affsiatance, ' An outllfie:.6rthe assistance which you feel must be 
r : pro\4ded by TOwTj/Pe^^ in p^der to adequately complete the 

above defined survey, . ; ^ 

^ Program DeflnitiQn ebmmentary . Comments or suggestions as to* 
changes, addijSbns^oj:. 'deletions in the attached program definition, 

■ ■■ ' ^ . . • .y. ■ 

5) I^rqsent a flye (5) paig^ simulated report giving in specific'leJtailV ' 
the format of the final survey report, complete' with: Examples and 
procedures, i. 



APPENDIX VHI 



Computer Programs 



ENERGY PROGRAMS 



Nam^, 



Author 



Commerqial Programs 



ECUBE 
HCC-in 

Energy Analysis 
AXCESS ' 
Gla:ss Comparison 
Energy Progjram 
Energy Analysis 
Building Cost Analysis 
TRACE 

Energy Program ' 
HACE 



American Gas Association- 
APEC. \ ' ' ' 

Caudill Rowlett Scott 
Electric Energy Association 
Libbey-Owens-Ford 
' MEDSI 

Meriwether knd Associates 
PPG Industries 
TRANE Company 
/Westinghouse Corporation 
\V%A. Computer Services, Inc. 



Research Programs/Negotiable 



CADS, 
.SIMSHAC 
FINALS 
HVAC Load 
Energy Program 
NBSLD (Honeyw^ell) 
Energy Prograni 
NBSLD 

B. E. A. P. c 

Pos(&!&fficet Program 



DEI 
TRANSYS 



UCLA 

Colorado State University 
balton, Dalton, Little and Newport 
Giffels Associates, Inc. 
Honeywell, Inc. 
Honeywell, Inc. 
University of Michigan 
National Bureau of Standards 
Pemj^ylvania State University 

University of Texas 
University of Wi^consiu 



In-House Program/Proprietary ' J 

■ ■ : « ■ ■ I ; 

-^nergyJPrggram General Electric Company 

Residential and Sniall^ ~ — 

Commercial ^Honeywellrlnc* — 

Energy Program 'iBM 



SOURCE: Energy Conservation; Guidelines for Saving Energy in Existing 
Buildings; Engineers, Architects and Operators 'Manual (ECM2) 
Conservation Paper No., 21, Federal Energy Administration, 
Office of Conservation and Environment. June 16, 1975. 




. . . " ■ " • . ^ 
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ASHRAE Standard 90-75: Energy Conservation in NeW^ Building Design^ 
The American Spciety of Heating, Ref rigeratliog: and Alr-Conditioning 
■ Engineers, 345 E. 47th Street, New York, Ne\\( York. $5.00 \ 

Energy Gonscioi^grRedesig:n of Existing Buildings; Workbook and Design 
Manual , AIA Research Corporatibn, 1735 New York Avenue, N. W. 
Washington, D.C. 20006. July, 1974. • Unpublished draft. Contact; 
Thomas Vonier, AIA/RC. ' ' (\ . 

3 Energy Conservation. A Technical Guide for State and Local Goverilitnents . 
Prepared by Public Technology, Incprporated for the National Science 
FounSation, RANN Program. March, 1975. Available from Public 
Technology, Inc. , 1140 Connecticut Ave* , N.W. , Washlngtoii, D.C. 
20036. Price: $10. 
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